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Preface 

The Institute of Medicine convened the Committee to Assess the Safety 
and Efficacy of the Anthrax Vaccine in October 2000 to prepare a congres- 
sionally mandated report for the Department of Defense. The committee 
was charged with reviewing data regarding the efficacy and safety of the 
currently licensed anthrax vaccine—Anthrax Vaccine Adsorbed (AVA)— 
and assessing the efforts to resolve manufacturing issues and resume pro- 
duction and distribution of the vaccine. This report is a summary of the 
committee's deliberations. 

As the committee completed its work, the nation experienced the trau- 
mas of not only the attacks of September 11,2001, but also the distribution 
of potent anthrax spores through the U.S. mail, which resulted in 5 deaths, 
at least 13 nonfatal confirmed cases, and the exposure of more than 30,000 
other people. The nation and public health and health care professionals 
found themselves with much new but hard-won knowledge about anthrax, 
as well as many new questions about the disease and its prevention and 
treatment, including the merits of vaccination following exposure. 

These events lent urgency to the committee's work. However, the study 
charge already reflected concerns that arose in the context of discussions of 
the risk of exposure to anthrax spores and the merits of vaccination for 
military personnel, given the perceived threat of battlefield exposure to 
anthrax. The Department of Defense had begun to implement a plan to 
vaccinate all military personnel, but some service members were sufficiently 
concerned about the efficacy or safety of AVA that they chose to resign or 
even undergo court-martial to avoid vaccination. Some have also ques- 
tioned whether the vaccine might be related to the health problems experi- 
enced by some Gulf War veterans. In addition, the manufacturing plant 
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producing the vaccine failed to pass Food and Drug Administration inspec- 
tion until very recently. As a result of the limited supply of the vaccine, the 
Department of Defense's Anthrax Vaccine Immunization Program was pro- 
ceeding at a very reduced rate. These manufacturing issues further accentu- 
ated the questions about the vaccine. 

Vaccines are critically important tools for the prevention of serious 
infectious diseases. As with any pharmaceutical product or medical proce- 
dure, however, the use of vaccines carries a risk of adverse health effects, 
which must be weighed against the expected health benefit. Safety expecta- 
tions for vaccines are especially high because they are usually given to 
healthy people to protect them against a disease that they may not be 
exposed to in the future. 

In approaching its task, the committee recognized that it was dealing 
with difficult issues, both scientifically and politically. Scientifically, it was 
dealing with a series of questions on which the published data were limited. 
Politically, it was operating in a charged arena, where strong positions had 
been taken and strong emotions expressed, even in the absence of convinc- 
ing data. In response, the committee chose to embark on a process that 
would be as open as possible while maintaining maximum scientific rigor. 
It elected to hear from all who had anything to contribute, whether the 
contributions were concerns, complaints, or data. All available data were 
sought and reviewed and were then weighed in the committee's scientific 
assessment. Through its questions and initiatives the committee even trig- 
gered the development of significant new data on these questions. 

Of course, upon starting its work, the committee never foresaw how 
timely its efforts would be. In the wake of the attacks of September 11 and 
especially the subsequent use of anthrax as a bioterrorist weapon, the com- 
mittee debated how and when to accelerate the release of its findings and 
recommendations, whether through an abbreviated interim report or 
through normal channels. In the end, it chose to complete its full report but 
to accelerate the timetable. We are grateful to the Institute of Medicine for 
providing us the extra staff support necessary to achieve this. 

Recent events, including the deployment of U.S. troops to Afghanistan 
and surrounding areas and contamination of the U.S. mail with items con- 
taining anthrax spores, all strongly suggest not only the possibility of re- 
sumption of anthrax vaccination for military personnel but also the possi- 
bility of expanding vaccination to newly recognized high-risk persons in the 
civilian population. To the degree that our efforts will assist in these future 
decisions, we are grateful for having had the opportunity to help. 

Brian L. Strom 
Chair 
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Executive Summary 

ABSTRACT 

Anthrax Vaccine Adsorbed (AVA) was licensed in 1970 to 
provide protection against infection with Bacillus anthracis. AVA 
was initially administered on a limited basis, primarily to protect 
veterinarians and workers processing animal products such as hair 
or hides that could be contaminated with anthrax spores. In the 
1990s, with growing concerns about the possible use of anthrax as 
a biological weapon, use of the vaccine was substantially expanded. 
The Department of Defense (DoD) vaccinated some of the military 
personnel deployed for the Gulf War in 1991 and in 1998 initiated 
the Anthrax Vaccine Immunization Program, calling for manda- 
tory vaccination of all U.S. service members. By late 2001, roughly 
2.1 million doses of AVA had been administered. Production of 
AVA was suspended in 1998 when the facility manufacturing the 
vaccine was closed for renovations, which were undertaken to meet 
regulatory requirements of the Food and Drug Administration 
(FDA). 

Concerns about the efficacy and safety of AVA, and about 
vaccine production, led Congress to direct the DoD to support an 
independent examination of AVA by the Institute of Medicine. In 
October 2000, the Institute of Medicine convened the Committee 
to Assess the Safety and Efficacy of the Anthrax Vaccine. The 
committee reviewed all available data, both published and unpub- 
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lished, and heard from representatives of DoD, FDA, and other 
federal agencies; from the vaccine manufacturer BioPort; from re- 
searchers studying the efficacy and safety of the vaccine; and from 
service members and others with concerns about the safety or effi- 
cacy of the vaccine. After the bioterrorism of fall 2001, the com- 
mittee accelerated its original timetable for its review. 

As indicated by evidence from studies in both humans and 
animals, the committee concluded that AVA, as licensed, is an 
effective vaccine to protect humans against anthrax, including in- 
halational anthrax. Moreover, because the vaccine exerts its pro- 
tection via an antigen crucial to the action of the bacterium's tox- 
ins, AVA should be effective against anthrax toxicity from all 
known strains of B. anthracis, as well as from any potential bio- 
engineered strains. 

After examining data from numerous case reports and espe- 
cially epidemiologic studies, the committee also concluded that 
AVA is reasonably safe. Within hours or days following vaccina- 
tion, it is fairly common for recipients to experience some local 
events (e.g., redness, itching, swelling, or tenderness at the injection 
site), while a smaller number of vaccine recipients experience some 
systemic events (e.g., fever and malaise). But these immediate 
reactions, and the rates at which they occur, are comparable to 
those observed with other vaccines regularly administered to adults. 
The committee found no evidence that vaccine recipients face an 
increased risk of experiencing life-threatening or permanently dis- 
abling adverse events immediately after receiving AVA, when com- 
pared with the general population. Nor did it find any convincing 
evidence that vaccine recipients face elevated risk of developing 
adverse health effects over the longer term, although data are lim- 
ited in this regard (as they are for all vaccines). 

Regarding manufacture of AVA, the committee reviewed and 
evaluated the steps taken by BioPort to win FDA approval of its 
production process. With the newly validated manufacturing pro- 
cess being used in a renovated facility, AVA will be produced under 
strict controls according to current FDA requirements. The newly 
produced vaccine is expected to have greater assurance of consis- 
tency than the vaccine produced at the time of its original licensure. 

It remains important to continue and improve monitoring ef- 
forts to detect any adverse health effects caused by AVA and other 
vaccines. Also needed are studies to establish a quantitative corre- 
lation of protective levels of antibodies in animals with antibody 
levels in humans after full immunization. Direct tests of the efficacy 
of AVA are neither feasible nor ethical in humans. However, corre- 
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lates of protection in animal models can be used to test the efficacy 
ofAVA, as well as new vaccines against anthrax. The production, 
testing, and licensure of a new vaccine requiring fewer doses and 
producing fewer local reactions are needed. 

Anthrax Vaccine Adsorbed1 (AVA) was licensed in 1970. More than 2 
million doses have been administered, and most of those doses have been 
given since 1998 to U.S. military personnel to protect them against possible 
exposure to anthrax spores used as biological weapons. The terrorist at- 
tacks of September 11, 2001, and the subsequent distribution through the 
U.S. mail of potent doses of anthrax spores drew new attention to the risks 
of anthrax exposure and to questions about the anthrax vaccine. 

Until the 1990s, AVA had primarily been used by a small population 
with a risk of occupational exposure to anthrax (e.g., textile mill workers 
and veterinarians). In 1990, concerns that Iraq had biological weapons 
containing anthrax spores motivated the U.S. military to administer AVA 
to an estimated 150,000 service members deployed for the Gulf War. The 
existence of an Iraqi biological weapons program was confirmed in the 
mid-1990s (Henderson, 1999; Zilinskas, 1997), and in 1997 the Depart- 
ment of Defense (DoD) announced a plan to vaccinate all U.S. service 
members with the licensed anthrax vaccine. DoD's Anthrax Vaccine Im- 
munization Program (AVIP) began in March 1998 with personnel sched- 
uled for deployment to higher-risk areas (e.g., Korea and Southwest Asia). 
In 2000 a limited vaccine supply, the result of delays in federal approval for 
release of newly manufactured vaccine lots, began slowing plans to vacci- 
nate all military personnel. As more service members were vaccinated 
under the mandatory AVIP, some raised concerns about the safety or the 
efficacy of AVA, and more than 400 personnel refused vaccination (Weiss, 
2001). Some had also suggested a link between vaccination with AVA and 
illnesses in Gulf War veterans. 

STUDY PROCESS AND INFORMATION SOURCES 

Responding to the concerns about the anthrax vaccine and AVIP, the 
U.S. Congress directed DoD to enter into a contract with the National 
Research Council for a study of the vaccine's efficacy and safety.2 In 
October 2000 the Institute of Medicine (IOM) convened the Committee to 

1As of January 31, 2002, AVA will be manufactured under the name Biothrax. 
2The study was called for in the conference report accompanying the 2000 DoD appropria- 

tions act P. L. No. 106-79 (1999). 
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Assess the Safety and Efficacy of the Anthrax Vaccine to carry out that 
study. Committee members were selected for their expertise in microbiol- 
ogy; vaccine research, development, manufacture, and evaluation; post- 
marketing surveillance of adverse events; regulatory and licensing proce- 
dures; epidemiology; biostatistics; immunology; and health surveillance. 

The charge to the committee included consideration of the types and 
severity of adverse reactions, sex differences in adverse reactions, long-term 
health implications, the efficacy of AVA against inhalational exposure to all 
known anthrax strains, and the correlation of the safety and efficacy of the 
vaccine in animal models to its safety and efficacy in humans. The study 
was also to address the issue of validation of the manufacturing process, 
with consideration of discrepancies identified by the Food and Drug Ad- 
ministration (FDA) in February 1998, the definition of vaccine compo- 
nents, and identification of gaps in existing research. (See Appendix A for 
the Statement of Task.) The charge did not include evaluation of the DoD 
policy to vaccinate all service members, so the committee did not include an 
evaluation of the threat from biological warfare agents in its purview. 
Similarly, the committee was not asked to address the challenges in bio- 
weapons vaccine development and procurement generally, which have re- 
cently been discussed in a statement from the Council of the Institute of 
Medicine (http://www.iom.edu/IOM/IOMHome.nsf/Pages/Vaccine+ Devel- 
opment) and in reports by the Gilmore Commission (http://www.rand.org/ 
nsrd/terrpanel/) and DoD (http://www.defenselink.mil/pubs/Reporton 
BiologicalWarfareDefenseVaccineRDPrgras-July2001 .pdf ). 

Since the terrorist attacks of September 11, 2001, and subsequent mail 
distribution of anthrax spores, interest in AVA has greatly increased. Con- 
sideration of the full range of topics concerning civilian use of the anthrax 
vaccine was beyond the purview of this report. However, some of the 
issues that the committee did address should also be of interest for civilians. 

The committee held eight deliberative meetings plus four public work- 
shops. At those workshops, the committee heard from representatives of 
DoD, FDA, and other federal agencies; from the manufacturer of AVA, 
BioPort; from researchers studying the efficacy and safety of the vaccine; 
and from service members and others with concerns about the safety or 
efficacy of the vaccine. The committee also commissioned a review of the 
available literature on adverse events associated with other vaccines rou- 
tinely administered to adults. 

The committee examined both published and unpublished data from 
studies of the safety and efficacy of AVA. The investigators involved in 
many of those studies presented their data and discussed their findings at 
committee workshops. In addition, several analyses of existing data were 
carried out at the committee's request. 
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ANTHRAX AND ANTHRAX VACCINE 

Anthrax is caused by infection with Bacillus anthracis, a gram-positive, 
nonmotile, spore-forming organism (Brachman and Friedlander, 1999; 
Dixon et al., 1999). It is primarily a disease of wild and domestic animals. 
Historically, humans have contracted the disease through contact with in- 
fected animals or animal products, such as hair or hides, contaminated with 
anthrax spores. Depending on the site of infection, anthrax can occur in a 
cutaneous, gastrointestinal, or inhalational form. The disease had become 
extremely uncommon in any form in the United States until the bioterrorist 
incidents of the autumn of 2001 caused an outbreak of both cutaneous and 
inhalational cases of the disease. As of November 28,2001, there had been 
11 cases of inhalational anthrax, 5 of which were fatal, and 7 confirmed 
and 5 suspected cutaneous anthrax infections (CDC, 2001b). More than 
30,000 people may have been exposed to anthrax spores (CDC, 2001a,b). 

The virulence of B. anthracis derives from the production of a capsule 
and three toxin proteins: protective antigen (PA), edema factor (EF), and 
lethal factor (LF). To produce active toxins, PA must bind to cellular 
receptors and then to either EF or LF. AVA, the vaccine currently licensed 
for human use in the United States, is a cell-free filtrate containing PA as the 
principal immunogen. It is administered in six subcutaneous injections of 
0.5 milliliters each. The first three doses are given 2 weeks apart, and the 
following doses are given 6,12, and 18 months after administration of the 
first dose. Annual booster doses are required. 

ANTHRAX VACCINE EFFICACY 

The committee's observations and findings addressed the efficacy of 
immunization with the licensed vaccine, AVA, against inhalational anthrax 
and all known anthrax strains (see Chapter 3). Of particular concern is 
exposure to anthrax spores processed for use in biological weapons. The 
committee also examined what is known and what must still be established 
regarding the correlation of protection in animal models with immunity in 
humans. 

It is important to note that efficacy is relative, not absolute. The degree 
of protection provided by a vaccine is determined by a variety of factors, 
which can include the size of the inoculum of exposure, the strain of the 
pathogen, and the host response. Even a vaccine considered highly effective 
may fail to protect some individuals under some circumstances. 

Evaluating Efficacy of AVA 

The efficacy of a PA-containing anthrax vaccine similar to AVA against 
anthrax infection was established by a randomized controlled field study of 
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textile mill workers (Brachman et al., 1962). Subsequent data from the 
Centers for Disease Control and Prevention (CDC) support the results of 
that study (FDA, 1985). The small number of inhalational cases in those 
studies provides insufficient information to establish the vaccine's efficacy 
against inhalational infection, but the data suggest that the vaccine has a 
protective effect. 

Animal studies are essential for further investigation of the efficacy of 
AVA and other anthrax vaccines against inhalational disease because stud- 
ies with humans are neither feasible nor ethical. Cases of inhalational an- 
thrax are very rare, even where anthrax occurs naturally in the environment 
or as an occupational hazard. Moreover, human research subjects cannot 
be deliberately exposed to potentially lethal agents, such as anthrax spores, 
for no therapeutic reason and without the availability of a proven treat- 
ment. 

Finding: Because additional clinical trials to test the efficacy of AVA in 
humans are not feasible and challenge trials with volunteers are unethi- 
cal, by necessity animal models represent the only sources of the supple- 
mentary data needed to evaluate AVA's efficacy. 

Animal models with pathological and immunological characteristics 
similar to those of humans could be considered the most appropriate ones 
for the evaluation of vaccine efficacy. The pathophysiology of anthrax in 
nonhuman primates, such as the macaque, most closely resembles the patho- 
physiology of anthrax in humans. Among the smaller and more available 
laboratory animals, rabbits most closely resemble nonhuman primates in 
terms of the pathology of anthrax and their response to the anthrax vac- 
cine. 

Finding: The macaque and the rabbit are adequate animal models for 
evaluation of the efficacy of AVA for the prevention of inhalational 
anthrax. 

Efficacy of AVA Against All Known B. antbracis Strains 

Several different B. antbracis strains are found in nature worldwide 
(Fellows et al., 2001; Keim et al., 2000), and analysis of tissue samples from 
victims of the release of anthrax spores from the Soviet biological weapons 
facility at Sverdlovsk in 1979 indicated the presence of several B. antbracis 
strains (Grinberg et al., 2001; Jackson et al., 1998). It is important to 
establish whether AVA can afford protection against the full range of natu- 
rally occurring or engineered B. antbracis strains. 

Studies have shown that the protection that AVA affords guinea pigs 
differs by bacterial strain (Auerbach and Wright, 1955; Fellows et al., 
2001; Ivins et al., 1994; Little and Knudson, 1986; Turnbull et al., 1986), 
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but AVA and a predecessor vaccine protected rabbits and monkeys against 
the numerous strains tested (Auerbach and Wright, 1955), including those 
that defeated the vaccine in guinea pigs (Fellows et al., 2001). No AVA- 
resistant strains have been demonstrated in nonhuman primates. Observa- 
tional data from studies with humans also support the efficacy of AVA 
against a variety of strains, though exposure strains were not evaluated in 
the studies (Brachman et al., 1962; CDC, 1967-1971). 

PA is the principal immunogen in AVA, and the efficacy of AVA against 
a broad spectrum of B. anthracis strains is consistent with the critical role 
of PA in the pathogenesis of anthrax (Bhatnagar and Batra, 2001; Cataldi 
et al., 1990; Smith and Keppie, 1954). As shown in Figure ES-1, PA must be 
competent to carry out multiple complicated tasks: it must bind to its 
receptor, form a heptamer, and bring EF and LF into the cell. 

There is concern that natural mutations or bioengineered alterations of 
the PA component of anthrax could result in vaccine-resistant strains. Stud- 
ies (Sellman et al., 2001; see also Mogridge et al., 2001) have shown, 
however, that a PA heptamer is deactivated by the presence of even a few 
mutant subunits. A deactivated heptamer is unlikely to be able to deliver EF 
and LF to the cytosol. The committee considers it improbable that a 
mutant PA that retains its function yet escapes the vaccine-elicited protec- 
tive antibodies directed to the wild-type PA could be constructed at this 
time. 

The likely difficulty of successfully altering PA is supported by evidence 
that the B. anthracis genome is highly conserved among strains isolated 
across a wide geographical area (Jackson, 2001; Keim et al., 1997) and that 
PA is also highly conserved (Jackson, 2001; Price et al., 1999). Because PA 
is critical to virulence and because its structure is so highly conserved, it 
appears likely that changing its structure would alter and thus eliminate its 
toxic action. 

Finding: It is unlikely that either naturally occurring or anthrax strains 
with bioengineered protective antigen could both evade AVA and cause 
the toxicity associated with anthrax. 

Establishing Animal Model Correlates of Anthrax Vaccine Efficacy 

Several recent studies have used passive protection to demonstrate a 
relationship between levels of circulating anti-PA antibody and protection 
from challenge with anthrax spores (Barnard and Friedlander, 1999; 
Beedham et al., 2001; Little et al., 1997; McBride et al., 1998; Pitt et al., 
2001; Reuveny et al., 2001). 

Finding: The available data indicate that immunity to anthrax is asso- 
ciated with the presence of antibody to protective antigen. 
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FIGURE ES-1 Model of anthrax toxin action. (1) PA binds to cellular receptor. 
(2-3) The protein is cleaved and activated to form a heptameric prepore. (4) LF, 
EF, or both bind to the heptamer, and the resulting complex is taken into an 
acidic compartment in the cell through endocytosis. (5-6) The acidic pH initiates 
the heptamer to pierce the membrane of the cell and translocate LF, EF, or both 
into the cytosol, where the toxins lead to damage. [Reprinted, with permission, 
from Biochemistry 38:10432-10441 (1999). Copyright 1999 by American Chem- 
ical Society.] 

The information reviewed by the committee demonstrates that both 
humans and certain laboratory animals manifest the same disease after 
infection with the same anthrax organism and that both are protected by 
immunization with AVA, which elicits the production of antibodies to PA. 
This information establishes a qualitative correlation between protection in 
animal models and protection in humans. To move forward with research 
on the current anthrax vaccine or any new vaccines, however, a quantita- 
tive correlation of the protective levels of antibodies in animals with the 
antibody titers obtained after full immunization in humans is needed. Those 
correlates in animal models can then be used to test new vaccines for 
efficacy with confidence that the data from studies with animals will be 
predictive of the clinical results for immunized humans. The data from 
animal studies already developed suggest that serological correlates of hu- 
man immunity can be developed in appropriate animal models. The com- 
mittee commends this work and encourages its further development. 

Recommendation:  Additional passive protection studies with rabbits 
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and monkeys including the transfer of animal and human sera are 
urgently needed to quantify the protective levels of antibody in vivo 
against different challenge doses of anthrax spores. 

Recommendation: Additional active protection studies should be con- 
ducted or supported to develop data that describe the relationship 
between immunity and both specific and functional quantitative anti- 
body levels, including studies of 

• the relationship between the vaccine dose and the resulting level 
of antibody in the blood of test animals that protects the animals from 
challenge; 

• the relationship between the level of antibody that protects ani- 
mals from challenge and the level of antibody present in humans vacci- 
nated by the regimen currently recommended for the licensed product; 
and 

• the vaccine dose that results in a level of antibody in the blood of 
human volunteers similar to that in the blood of protected animals. 

Postexposure Use of Anthrax Vaccine 

As a result of the inhalational exposure to anthrax spores from letters 
mailed in the autumn of 2001, questions about the postexposure efficacy of 
AVA have arisen. No data from studies with humans are available, but two 
papers provide information from studies with rhesus monkeys. 

These limited data suggest that use of the vaccine in combination with 
an appropriate antibiotic for 30 days could provide excellent postexposure 
protection against inhalational anthrax. Although the additional benefit 
from receiving the vaccine after a prolonged period of antibiotic use is not 
proven, reliance on the vaccine alone after exposure is clearly insufficient, 
as some protection is needed during the time required for an immune 
response to develop. Additional studies on the postexposure use of AVA 
with antibiotics are needed. 

Recommendation: DoD should pursue or support additional research 
with laboratory animals on the efficacy of AVA in combination with 
antibiotics administered following inhalational exposure to anthrax 
spores. Studies should focus on establishment of an appropriate dura- 
tion for antibiotic prophylaxis after vaccine administration. 

Conclusions Regarding Efficacy 

A vaccine similar to AVA was shown to be effective against cutaneous 
anthrax in humans in the field trial supporting the original application for 
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licensure of AVA (Brachman et al., 1962). Although that study had too few 
cases to evaluate the vaccine's efficacy for the prevention of inhalational 
disease, the five inhalational cases observed during the trial occurred only 
among nonvaccinated or placebo recipients. Data from CDC on cases re- 
ported between 1962 and 1974 also indicated that the vaccine offered 
protection against the cutaneous form of the disease (FDA, 1985). Further- 
more, laboratory experiments indicate that AVA provides effective protec- 
tion against inhalational challenge in rabbits and macaques, the animal 
models in which the disease is most reflective of the disease in humans 
(Fellows et al., 2001; Ivins et al., 1996,1998; Pitt et al., 2001). Because PA 
is critical to the virulence of B. anthracis and because PA's structure is so 
highly conserved, it appears likely that changing its structure would alter 
and thus eliminate its toxic action. Data from studies with animals suggest 
that AVA will offer protection against strains with PA-based toxicity. Fi- 
nally, the available data indicate that immunity to anthrax is associated 
with the presence of antibodies to PA, such as those stimulated by the 
anthrax vaccine. 

Finding: The committee finds that the available evidence from studies 
with humans and animals, coupled with reasonable assumptions of 
analogy, shows that AVA as licensed is an effective vaccine for the 
protection of humans against anthrax, including inhalational anthrax, 
caused by any known or plausible engineered strains of B. anthracis. 

ANTHRAX VACCINE SAFETY 

As with any pharmaceutical product or medical procedure, the use of 
vaccines carries a risk of adverse health effects that must be weighed against 
the expected health benefit. Expectations for the safety3 of vaccines are 
especially high because, in contrast to therapeutic agents, which are given 
when a disease is known to be present (or at least suspected), vaccines are 
usually given to people who are healthy to protect them against a disease 
that they may not be exposed to in the future. 

The committee evaluated case reports and epidemiologic studies pro- 
viding information about the safety of the anthrax vaccine. Case reports 
can help to generate hypotheses about possible associations but are rarely 
sufficient by themselves to confirm such associations. Formal epidemiologic 
studies are usually needed to determine whether those adverse events iden- 

3For this report, safety reflects expectations of relative freedom from harmful effects when 
a product is used prudently, considering the condition of the recipient and the health risk the 
product is directed against. 
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tified in case reports occur in exposed populations at a rate that exceeds the 
background rate in unexposed populations. 

The case reports relating to AVA come primarily from the Vaccine 
Adverse Event Reporting System (VAERS), a passive surveillance system 
that collects reports on adverse events following the use of any vaccine 
licensed in the United States (see Chapter 5). A subset of the committee 
reviewed each of 120 VAERS reports on serious adverse events associated 
with AVA. The committee also heard testimony regarding adverse events 
following vaccination with AVA. These statements, some of which con- 
cerned cases reported to VAERS, added valuable insight into the conditions 
that some military personnel are experiencing. 

In evaluating the epidemiologic studies of adverse events following 
receipt of AVA (see Chapter 6), the committee gave additional weight to 
those that (1) used active surveillance rather than self-reports of post- 
immunization events; (2) included sufficiently large numbers of subjects; (3) 
had clearly specified, objective criteria for the definition of adverse events; 
and (4) had sufficiently long postimmunization follow-up intervals to allow 
identification of later-onset events. Those studies that included a suitable 
unimmunized comparison group or in which evaluators were blinded to 
vaccination status were especially useful to the committee. 

Conclusions Regarding AVA Vaccination and Adverse Events 

Substantial data are now available from VAERS, epidemiologic studies 
with data from the Defense Medical Surveillance System (DMSS), and other 
epidemiologic studies for assessments of the health outcomes following 
vaccination with AVA. Immediate-onset health events are observable within 
hours or days following vaccination; later-onset events would be observ- 
able only months or years following vaccination. 

Epidemiologic studies that have used either active surveillance 
(Brachman et al., 1962; Pittman, 2001b,c; Pittman et al., 1997, 2002, in 
press) or passive surveillance (Hoffman et al., submitted for publication; 
Pittman, 2001a; Pittman et al., 2001a,b; Wasserman, 2001) have consis- 
tently found local injection-site reactions, including redness, induration, 
edema, itching, or tenderness (see Table 6-1 for details). Systemic events, 
such as fever, malaise, and myalgia, are also associated with vaccination 
with AVA but are generally less common than injection-site reactions. The 
types of local and systemic reactions associated with AVA and the rates at 
which they were observed are comparable to those observed with other 
vaccines regularly administered to adults, such as diphtheria and tetanus 
toxoids and influenza vaccines (Treanor, 2001). Although these immedi- 
ate-onset health effects can result in brief limitation of activities or the loss 
of time from work (Hoffman et al., submitted for publication; Wasserman, 
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2001), they are self-limited and result in no serious, permanent health 
impairments (AMSA, 2001a,b,c; Grabenstein, 2000; Lange et al., 2001a,b; 
Rehme, 2001; Rehme et al., 2002; Mason et al., 2001, submitted for pub- 
lication; Sato, 2001a,b; Sato et al., 2001). 

Finding: The data available from VAERS, DMSS, and epidemiologic 
studies indicate the following regarding immediate-onset health events 
following receipt of AVA: 

• Local events, especially redness, swelling, or nodules at the injec- 
tion site, are associated with receipt of AVA, are similar to the events 
observed following receipt of other vaccines currently in use by adults, 
and are fairly common. 

• Systemic events, such as fever, malaise, and myalgia, are associ- 
ated with receipt of AVA, are similar to the events observed following 
receipt of other vaccines currently in use by adults but are much less 
common than local events. 

• Immediate-onset health effects can be severe enough in some indi- 
viduals to result in brief functional impairment, but these effects are 
self-limited and result in no permanent health impairments. 

• There is no evidence that life-threatening or permanently dis- 
abling immediate-onset adverse events occur at higher rates in individu- 
als who have received AVA than in the general population. 

Sex differences are seen in local injection-site reactions. Women are 
more likely than men to experience and report erythema, local tenderness, 
subcutaneous nodules, itching, and edema (Hoffman et al., submitted for 
publication; Pittman, 2001a,b; Pittman et al., 2001a,b, 2002; Wasserman, 
2001). In addition, some systemic effects, including fever, headache, mal- 
aise, and chills, were sometimes more often reported by women than by 
men (Hoffman et al., submitted for publication; Pittman, 2001a; Pittman et 
al., 2001a,b), but rates of clinically observed systemic reactions generally 
did not differ substantially between men and women (Pittman, 2001b; 
Pittman et al., 2002). For female service members, reactions following 
vaccination against anthrax may be more likely to have an adverse effect on 
their ability to perform their duties (Hoffman et al., submitted for publica- 
tion; Wasserman, 2001). Studies of other vaccines have also generally 
found higher rates of local reactions among women but similar rates of 
systemic reactions between men and women (Treanor, 2001). The factors 
that account for these sex differences are not known, but they could be a 
function of differences in muscle mass, differences in the doses per unit of 
body mass, physiologic factors, or differences in care-seeking behavior. 
Future studies of vaccination against anthrax should continue to analyze 
data for men and women separately. 
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Finding: The available data from both active and passive surveillance 
indicate that there are sex differences in local reactions following vacci- 
nation with AVA, as there are following administration of other vac- 
cines. For female service members, reactions following vaccination 
with AVA can have a transient adverse impact on their ability to per- 
form their duties. The factors that account for these sex differences are 
not known. 

Recommendation: Future monitoring and study of health events fol- 
lowing vaccination(s) with AVA (and other vaccines) should continue 
to include separate analyses of data for men and women. 

Some of the data reviewed by the committee showed lot-to-lot differ- 
ences in the reactogenicities of AVA doses (CDC, 1967-1971; Pittman, 
2001a; Pittman et al., 2001a,b). 

Unlike most vaccines, AVA is licensed for subcutaneous rather than 
intramuscular administration. The limited evidence from a small study that 
tested changes in the AVA dosing schedule and route of administration 
(Pittman, 2001b; Pittman et al., 2002) suggests that subcutaneous adminis- 
tration contributes to the local reactions but not systemic reactions associ- 
ated with AVA. With other vaccines, subcutaneous administration is also 
associated with higher rates of local erythema or induration (Treanor, 
2001), reactions commonly reported following the administration of AVA. 

Finding: The currently licensed subcutaneous route of administration 
of AVA and the six-dose vaccination schedule appear to be associated 
with a higher incidence of immediate-onset, local effects than is intra- 
muscular administration or a vaccination schedule with fewer doses of 
AVA. The frequencies of immediate-onset, systemic events were low 
and were not affected by the route of administration. 

Recommendation: DoD should continue to support the efforts of CDC 
to study the reactogenicity and immunogenicity of an alternative route 
of AVA administration and of a reduced number of vaccine doses. 

Some have expressed concerns about potential later-onset and chronic 
health effects resulting from AVA use. The available information regarding 
later-onset health effects is limited, as for all vaccines, but provides no 
convincing evidence of elevated risks of later-onset health events (AMSA, 
2001a,b,c; Grabenstein, 2000; Lange et al., 2001a,b; Mason et al., 2001, 
submitted for publication; Peeler et al., 1958,1965; Rehme, 2001; Rehme 
et al., 2002; Sato, 2001a,b; Sato et al., 2001; White et al., 1974). DMSS, 
which provides the best source of data for studying later-onset health ef- 
fects, provides data on service personnel who have documented histories of 
vaccination with AVA and who have been observed for up to 3 years. 
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Although AVA has been administered to military personnel for more than 3 
years, unreliable documentation of vaccinations before 1998 limits analysis 
of DMSS data for observation of potential vaccine-related health effects 
over longer periods. 

Finding: The available data are limited but show no convincing evi- 
dence at this time that personnel who have received AVA have elevated 
risks of later-onset health events. 

Recommendation: DoD should develop systems to enhance the capac- 
ity to monitor the occurrence of later-onset health conditions that might 
be associated with the receipt of any vaccine; the data reviewed by the 
committee do not suggest the need for special efforts of this sort for 
AVA. 

The studies reviewed did not examine the use of AVA in children, the 
elderly, or individuals with chronic illnesses. In addition, information 
regarding the outcomes of pregnancy following use of the vaccine is limited. 
These limitations should be taken into account if AVA is considered for use 
in the general population. 

ANTHRAX VACCINE MANUFACTURE 

The committee was charged with addressing "validation of the manu- 
facturing process focusing on, but not limited to, discrepancies identified by 
the Food and Drug Administration in February 1998." The committee 
could not directly validate the manufacturing process and did not wish to 
second-guess FDA's inspection and determination of validity. It was pos- 
sible, however, to review and evaluate the steps by which BioPort worked 
to validate the AVA manufacturing process (see Chapter 7). 

Documents that BioPort provided to the committee gave detailed infor- 
mation about findings from FDA inspections conducted since 1998, the 
company's responses to those findings, and FDA's evaluation of BioPort's 
progress. The committee paid special attention to materials on product 
characterization and process validation. It also considered the recent and 
increasing investments by BioPort and DoD in facility renovations and 
improvements in documentation of the manufacturing process, as well as 
the transfer, with approval from FDA's Center for Biologies Research 
(CBER), of filling operations to a contractor meeting Good Manufacturing 
Practices standards. The committee noted BioPort's access to technical 
support and assistance from CBER and DoD research and development 
resources. The results of these efforts were reflected in BioPort's reports of 
progress in correcting deficiencies previously noted by FDA, as reported at 
the committee's July 2001 meeting. This progress was confirmed by FDA. 
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On January 31,2002, FDA approved BioPort's supplements to its Biologies 
License Application covering facility renovations, changes to the package 
label, and the contracted filling operations. 

In evaluating BioPort's efforts to meet the manufacturing requirements 
for AVA, the committee noted FDA's changes and modernizations and 
improvements in the regulation of biologies, as well as the continuing effort 
at constructive criticism and response between the agency and the manufac- 
turer. The committee also considered the history of the AVA manufac- 
turer—in particular, the switch from a state-owned to a privately owned 
and operated interstate commercial venture—and the coincident changes in 
FDA oversight and validation requirements. Finally, the committee was 
mindful of the scientific and technical advances in vaccine manufacture and 
characterization that have occurred since the original licensure of the AVA 
product. 

Finding: FDA's process of plant inspection and FDA's validation of the 
vaccine manufacturing process have changed and have become more 
stringent with time. 

Finding: With high-priority efforts by the manufacturer and FDA, the 
manufacturing process for AVA has been validated so that vaccine 
manufactured postrenovation has been approved for release and distri- 
bution. 

BioPort has responded to numerous specific citations from FDA re- 
garding the manufacturing process and equipment and has now received 
FDA approval of its license supplements. In the committee's judgment, the 
cumulative effects of the changes in materials, equipment, and processes in 
response to FDA citations, as well as the changes in the regulatory climate 
and in scientific knowledge, are likely to result in greater assurance of 
consistency in the final AVA product. 

Finding: AVA will now be produced by a newly validated manufactur- 
ing process under strict controls, according to current FDA require- 
ments. As a result, the postrenovation product has greater assurance of 
consistency than that produced at the time of original licensure. 

FUTURE NEEDS 

Despite recent FDA approval of the license supplement for AVA manu- 
facturing renovations, package insert, and contract filler, the committee is 
convinced that relying on AVA and the current specifications for its use is 
far from satisfactory. There is a need for research toward the development 
of a different and better anthrax vaccine, as well as a need for improve- 
ments in monitoring the safety of the current vaccine. 
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Future Use of AVA 

Finding: Current events in both the military and civilian arenas high- 
light and confirm the importance of ensuring both the availability and 
the quality of the nation's anthrax vaccine. 

With the deployment of U.S. troops to Afghanistan and surrounding 
areas and domestic bioterrorism incidents involving exposure to B. anthracis 
spores, vaccination against anthrax is likely to resume and possibly expand. 
This means that AVA is likely to be given to a much larger population than 
was anticipated at the time that the vaccine was licensed. 

Meanwhile, the current supply of AVA is limited because of manufac- 
turing difficulties, which have now been overcome. On the basis of infor- 
mation provided by BioPort and FDA, the committee notes that the AVA 
manufacturing process has been modified to incorporate more modern tech- 
nology and procedures. These changes are expected to increase assurance of 
the consistency of the final product, which remains a relatively crude vac- 
cine by current standards. 

Although greater assurance of product consistency will occur, the levels 
of immunogenicity, safety, and stability of the postrenovation AVA prod- 
uct must be characterized. The committee emphasizes that the surveillance 
methods recommended below are the same as those that would be expected 
for any widely used vaccine and are not unique to AVA. 

Finding: The AVA product produced in a renovated facility by a newly 
validated manufacturing process could differ from the prerenovation 
product in terms of its reactogenicity, immunogenicity, and stability. 
The information available to the committee suggests that AVA lots 
manufactured postrenovation may show less variation in reactogenicity 
because of greater consistency in the production process, and there is 
no a priori basis to believe that the postrenovation product will be 
more reactogenic or less immunogenic than the older vaccine. 

Recommendation: As with all vaccines, AVA lots produced post- 
renovation should be monitored for immunogenicity and stability, and 
individuals receiving these lots should be monitored for possible acute 
or chronic adverse events of immediate or later onset. 

Surveillance for Adverse Events 

DoD has supported an independent civilian advisory panel called the 
Anthrax Vaccine Expert Committee (AVEC) to review each VAERS report 
associated with AVA. 
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The Future and AVEC 

The committee found AVEC's expert scrutiny of VAERS reports for 
signals that might require further action to be an important component of 
surveillance for the safety of AVA. However, the value of such a review 
process may not be limited to AVA. Furthermore, the IOM committee is 
generally skeptical about attribution of causality, such as those that AVEC 
makes, from reports to a surveillance system like VAERS, especially given 
the potential for misclassification of reported events when considering them 
as possibly related or unrelated to vaccination. The committee emphasizes 
that a review of case reports to VAERS is appropriate only for the genera- 
tion of hypotheses. More emphasis should therefore be placed on the use of 
AVEC-derived hypotheses to trigger additional analyses, such as those that 
can be performed with data from DMSS. Toward that end, AVEC and the 
Army Medical Surveillance Activity (the office responsible for DMSS) 
should maintain regular and frequent communication, with signals from 
the former leading to analyses by the latter. "Signals" are the earliest indi- 
cation of a possible causal relationship between an exposure and a health 
event. Such signals can come from the anecdotal experiences of patients 
with an adverse event after the exposure or from preliminary analyses of 
data. A signal does not mean that a causal relationship exists, as there may 
be other explanations for the apparent association. Instead, a signal is 
merely an indication that further investigation is needed. 

Although AVA appears to be associated with certain undesirable but 
self-limited or easily treated adverse events, the committee saw no indica- 
tion from the currently available data of a need to continue special monitor- 
ing programs for AVA. Nevertheless, monitoring of vaccine safety in gen- 
eral and the safety of vaccines for use by members of the military in 
particular must be a priority. The committee observed several areas in 
which surveillance for the safety of vaccines in general and AVA in particu- 
lar might be improved. 

Finding: Given the concerns raised by some service members about the 
safety of the anthrax vaccine, the creation of AVEC was an appropriate 
complement to other resources in FDA, CDC, and DoD for the moni- 
toring of vaccine safety concerns. The results of the extra monitoring 
did not indicate the existence of any sentinel events that were not 
detected in the existing FDA and CDC reviews. The committee finds 
no scientific reason for the continued operation of AVEC in its present 
form. 

The IOM committee's observations about AVEC reflect no fault with 
the members of AVEC or its performance as that committee is constituted; 
rather, the IOM committee observes that AVEC was designed to pay extra 
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attention to safety concerns regarding the safety of AVA and that the data 
do not warrant the continuation of such exceptional attention. The re- 
sources supporting AVEC activities related to AVA alone could be more 
wisely invested in improved monitoring of the safety of vaccines in general. 

Recommendation: DoD should disband AVEC in its current form and 
instead assist FDA and CDC in establishing an independent advisory 
committee charged with overseeing the entire process of evaluating 
vaccine safety. The proposed advisory committee can also assist on an 
ad hoc basis in the interpretation of potential signals detected in VAERS 
or other sources regarding the safety of any vaccine. The newly estab- 
lished FDA drug safety committee might be an appropriate model. 

Should DoD choose to continue AVEC, the committee urges DoD to 
recommend a shift in AVEC's focus from making attributions of causality 
in individual cases to seeking any patterns or rate thresholds that have been 
crossed in terms of the serious adverse events reported to VAERS. AVEC 
could then develop criteria for signals from VAERS data for any vaccine 
that warrants additional follow-up and could in general further systematize 
its processes by developing standard operating procedures and a regular 
schedule for examination of aggregate VAERS data. Background rates of 
illnesses as well as the biological plausibility of hypothesized effects must be 
taken into consideration as part of the method used to identify signals of 
possible safety concerns. 

Recommendation: If DoD chooses to continue AVEC, DoD should 
consider redefining the panel's role so that it serves as an independent 
advisory committee that responds on an ad hoc basis to specific re- 
quests to assist in the interpretation of potential signals detected by 
others (e.g., CDC and FDA) and reported to VAERS or other sources 
regarding the safety of all vaccines administered to service personnel 
rather than continuing the panel's current role of rereviewing each 
VAERS report related to AVA. 

Additional Sources of Data on Adverse Events 

Ensuring the best use and interpretation of VAERS reports requires 
complementary information from other sources that can be used to help 
analyze the signals that may be suggested by VAERS reports. One such 
resource is DMSS. DMSS can be used both to generate and test hypotheses. 
If VAERS raises a hypothesis, it can be further evaluated in DMSS. DMSS 
data can also be used to generate hypotheses (as in its quarterly screening 
reports); these then need to be evaluated in more detail within DMSS, 
including more detailed data analyses and efforts that might involve review 



EXECUTIVE SUMMARY 19 

of medical records, for example. Formal testing of these hypotheses would 
require additional studies, however, in separate data sets. 

Finding: DMSS is a unique and promising population-based resource 
for monitoring the emergence of both immediate-onset and later-onset 
(perhaps up to 5 years) health concerns among military personnel and 
for testing hypothesized associations between such health concerns and 
exposures resulting from military service, including vaccines. 

Because DMSS is designed to record all medical encounters without 
depending on the decision of a patient or a physician to report a particular 
encounter, DMSS data may be cross-checked with the more open-ended but 
much less complete case reports collected through VAERS. 

Recommendation: DoD should develop a capability for the effective 
use of DMSS to regularly test hypotheses that emerge from VAERS and 
other sources regarding vaccine-related adverse events. 

Finding: DoD personnel have used DMSS to conduct valuable analyses 
in response to concerns about health effects that might be associated 
with vaccination with AVA. Yet DoD personnel working with DMSS 
data are necessarily limited in time and focus. DMSS data could there- 
fore yield valuable insights in the hands of civilian researchers. 

Recommendation: DoD should actively support and advance the de- 
velopment of DMSS data resources and the staffing of units that will 
allow the continuing rapid and careful analysis of these data, including 
but not limited to the proposed collaboration between CDC and the 
Army Medical Surveillance Activity. 

Recommendation: DoD should investigate mechanisms that can be 
used to make DMSS data available to civilian researchers, as is done by 
civilian agencies, with appropriate controls and protections for privacy. 

As discussed in Chapter 6, data on the later-onset adverse effects of 
vaccines are available for few, if any, vaccines. Although the committee 
found no data indicating that vaccination with AVA is associated with any 
later-onset adverse events or with any severe or lasting adverse events, some 
service members have had serious concerns about possible links between 
AVA and such adverse events. To make it possible to conduct studies of 
later-onset health concerns, DoD could take steps to improve access to data 
on the chronic or later-onset effects, if any, of vaccines in general. 

Recommendation: DoD should carefully evaluate options for longer- 
term follow-up of the possible health effects of vaccination against 
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anthrax (and other service-related exposures). The committee recom- 
mends consideration of the following specific steps: 

• Encourage participation in the Millennium Cohort Study4 as part 
of a program to ensure adequate monitoring for any possible later- 
onset health effects that might be associated with vaccination with 
AVA or other service-related exposures. 

• Collaborate with the Department of Veterans Affairs (VA) to 
monitor service members who receive medical care through VA facili- 
ties after separation from military service. Linking of data from DMSS 
to data from VA is a possible tool. Even though those who receive their 
medical care through VA may be an unrepresentative minority of all 
former military personnel, valid comparisons may be possible between 
those within that population who received a vaccine or other exposure 
and those who did not. 

• Collaborate with VA to obtain fact-of-death information from 
the Beneficiary and Records Locator System and with the Social Secu- 
rity Administration to obtain death files. Data on the cause of death 
should be obtained from the National Death Index as needed. 

• Ensure the long-term maintenance of DMSS and other relevant 
paper and electronic records so that retrospective studies will be fea- 
sible if health concerns are identified in the future. 

New Anthrax Vaccine Development 

Although AVA appears to be sufficiently safe and effective for use, it is 
far from optimal. 

Finding: The current anthrax vaccine is difficult to standardize, is 
incompletely characterized, and is relatively reactogenic (probably even 
more so because it is administered subcutaneously), and the dose sched- 
ule is long and challenging. An anthrax vaccine free of these draw- 
backs is needed, and such improvements are feasible. 

Initially, the committee urges that improvements to the currently li- 
censed vaccine, AVA, be made as quickly as possible. The committee 
welcomes anticipated improvements in the assurance of lot-to-lot consis- 

^he Millennium Cohort Study is a survey recommended by the U.S. Congress and spon- 
sored by DoD. The study will monitor a total of 140,000 U.S. military personnel during and 
after their military service for up to 21 years to evaluate the health risks of military deploy- 
ment, military occupations, and general military service (see http://www.millenniumcohort. 
org/about.html). 
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tency in the postrenovation vaccine. The committee also believes that it is 
likely that the rates of adverse events and the general acceptability of AVA 
will improve with a change in the route of administration (from the subcu- 
taneous to the intramuscular route) and with a reduction in the total num- 
ber of injections required and that such improvements would be desirable. 
Research to assess the effects of those changes in vaccine administration 
was under way as this report was being written. 

The committee concluded, however, that a new vaccine, developed 
according to more modern principles of vaccinology, is urgently needed. 
The committee did not comment on any particular new vaccine develop- 
ment program, and a review of research related to the development of a 
new vaccine was beyond its charge. The committee recognizes that re- 
search on new vaccines against anthrax is under way at DoD, the National 
Institutes of Health, and various university laboratories and strongly en- 
courages continued and further support of work on promising new vac- 
cines. Further research with AVA on topics such as correlates of immunity 
in animals, the components necessary to stimulate protective immunity, 
and the best way to administer the vaccine should aid in the development of 
new and improved vaccine products for protection against anthrax. 

Recommendation: DoD should continue and further expedite its re- 
search efforts pertaining to anthrax disease, the B. antbracis organism, 
and vaccines against anthrax. Research related to anthrax should 
include, in particular, efforts such as the following: 

• DoD should pursue and encourage research to develop an an- 
thrax vaccine product that can be produced more consistently and that 
is less reactogenic than AVA; 

• DoD should pursue and encourage research regarding the B. 
antbracis capsule; 

• DoD should pursue and encourage research on the mechanisms of 
action of the anthrax toxins; such research could lead to the develop- 
ment of small-molecule inhibitors; 

• DoD should pursue and encourage research to map the epitopes 
of the protective antigen that correlate with specific functional activi- 
ties; 

• DoD should pursue and encourage research to test the therapeutic 
potential of antitoxin proteins or antibodies; and 

• DoD should pursue and encourage research into additional po- 
tential virulence factors in B. antbracis, and into other possible vaccine 
candidates. 
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BOXES-1 
Chapter 3 Findings and Recommendations 

Findings 

• The randomized field study carried out by Brachman and colleagues (1962) 
provides solid evidence indicating the efficacy of a vaccine similar to AVA against 
B. anthracis infection. The subsequent CDC data are supportive. However, the 
small number of inhalational cases in those studies provides insufficient informa- 
tion to allow a conclusion about the vaccine's efficacy against inhalational infection 
tobe made. 

• Because additional clinical trials to test the efficacy of AVA in humans are 
not feasible and challenge trials with volunteers are unethical, by necessity animal 
models represent the only sources of the supplementary data needed to evaluate 
AVA's efficacy. 

• The macaque and the rabbit are adequate animal models for evaluation of 
the efficacy of AVA for the prevention of inhalational anthrax. 

• It is unlikely that either naturally occurring or anthrax strains with bioengi- 
neered protective antigen could both evade AVA and cause the toxicity associated 
with anthrax. 

• The available data indicate that immunity to anthrax is associated with the 
presence of antibody to protective antigen. 

• The committee finds that the available evidence from studies with humans 
and animals, coupled with reasonable assumptions of analogy, shows that AVA as 
licensed is an effective vaccine for the protection of humans against anthrax, in- 
cluding inhalational anthrax, caused by any known or plausible engineered strains 
of B. anthracis. 

Recommendations 

• Additional passive protection studies with rabbits and monkeys, including 
the transfer of animal and human sera, are urgently needed to quantify the protec- 
tive levels of antibody in vivo against different challenge doses of anthrax spores. 

• Additional active protection studies should be conducted or supported to 
develop data that describe the relationship between immunity and both specific 
and functional quantitative antibody levels, including studies of 

• the relationship between the vaccine dose and the resulting level of an- 
tibody in the blood of test animals that protects the animals from challenge; 

• the relationship between the level of antibody that protects animals from 
challenge and the level of antibody present in humans vaccinated by the regimen 
currently recommended for the licensed product; and 

• the vaccine dose that results in a level of antibody in the blood of human 
volunteers similar to that in the blood of protected animals. 

• The Department of Defense should support efforts to standardize an assay 
for quantitation of antibody levels that can be used across laboratories carrying out 
research on anthrax vaccines. 

• The Department of Defense should pursue or support additional research 
with laboratory animals on the efficacy of AVA in combination with antibiotics ad- 
ministered following inhalational exposure to anthrax spores. Studies should focus 
on establishment of an appropriate duration for antibiotic prophylaxis after vaccine 
administration. 
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BOXES-2 
Chapter 5 Findings and Recommendations 

Findings 

• The presence or absence of VAERS reports (or other case reports) cannot 
be considered in and of itself to provide adequate evidence of causal associations 
or its absence. Reports may suggest hypotheses for further investigation, but it 
must be borne in mind that many different factors beyond the presence of health 
symptoms can influence whether a report is filed. 

• Concerns of service members that reporting to VAERS is sometimes dis- 
couraged within the military setting have been responded to appropriately with 
reminders to physicians that DoD policy requires submission of a VAERS report 
for postvaccination health events that result in hospitalization or the loss of time 
from duty of more than 24 hours. Additional steps, however, are possible to facili- 
tate reporting to VAERS, including improvements in the coding of health care visits 
that are potentially vaccine related. 

• The committee has reviewed the case materials and the methods applied 
by VAERS and AVEC to evaluate those materials and concurs with their conclu- 
sions that those materials present no signals of previously undescribed serious 
adverse reactions associated with exposure to AVA. 

Recommendations 

• DoD should develop and implement a system to automate the generation of 
VAERS reports within the military health care system, using codes to identify from 
automated records those health care visits that are potentially vaccine related. Use 
of these codes should generate an automatic filing of a VAERS report that includes 
the specific diagnoses for the clinical event(s) that prompted the health care visit. 
However, the submission of reports to VAERS should not be restricted to visits 
assigned codes that identify them as potentially vaccine related. 
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BOXES-3 
Chapter 6 Findings and Recommendations 

Findings 

• DMSS data are screened quarterly to identify statistically significant eleva- 
tions in hospitalization and outpatient visit rate ratios associated with receipt of 
AVA. In this way, DMSS promises to be very useful as a tool for hypothesis gener- 
ation. 

• The elevated rates of specific diagnoses in the various analyses of DMSS 
data are not unexpected per se; that is, they appear to be explicable by chance 
alone. The bias of selection of healthy individuals for receipt of AVA is also a likely 
explanation for some observed associations. Thus these elevated rate ratios 
should not be automatically viewed as an indication of a causal association with 
the receipt of AVA. However, additional follow-up is needed. 

• Examination of data from the DMSS database to investigate potential sig- 
nals suggested by VAERS reports related to vaccination with AVA has not detect- 
ed elevated risks for any of these signals for the vaccinated population, although 
continued monitoring is warranted. 

• The data available from VAERS, DMSS, and epidemiologic studies indicate 
the following regarding immediate-onset health events following receipt of AVA: 

• Local events, especially redness, swelling, or nodules at the injection 
site, are associated with receipt of AVA, are similar to the events observed follow- 
ing receipt of other vaccines currently in use by adults, and are fairly common. 

• Systemic events, such as fever, malaise, and myalgia, are associated 
with receipt of AVA, are similar to the events observed following receipt of other 
vaccines currently in use by adults, but are much less common than local events. 

• Immediate-onset health effects can be severe enough in some individu- 
als to result in brief functional impairment, but these effects are self-limited and 
result in no permanent health impairments. 

• There is no evidence that life-threatening or permanently disabling im- 
mediate-onset adverse events occur at higher rates in individuals who have re- 
ceived AVA than in the general population. 

• The available data from both active and passive surveillance indicate that 
there are sex differences in local reactions following vaccination with AVA, as there 
are following the administration of other vaccines. For female service members, 
reactions following vaccination with AVA can have a transient adverse impact on 
their ability to perform their duties. The factors that account for these sex differenc- 
es are not known. 

• The currently licensed subcutaneous route of administration of AVA and the 
six-dose vaccination schedule appear to be associated with a higher incidence of 
immediate-onset, local effects than is intramuscular administration or a vaccina- 
tion schedule with fewer doses of AVA. The frequencies of immediate-onset, sys- 
temic events were low and were not affected by the route of administration. 

• The available data are limited but show no convincing evidence at this time 
that personnel who have received AVA have elevated risks of later-onset health 
events. 
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Recommendations 

• AMSA staff should follow up the currently unexplained elevations in hospi- 
talization rate ratios for certain diagnostic categories among the cohorts of AVA 
recipients. Studies might include additional analyses with the database or exami- 
nation of medical records to validate and better understand the exposures and 
outcomes in question. A protocol should be developed to ensure that such follow- 
up regularly and reliably occurs after a potential signal is generated. 

• Future monitoring and study of health events following vaccination(s) with 
AVA (and other vaccines) should continue to include separate analyses of data for 
men and women. 

• DoD should continue to support the efforts of CDC to study the reactogenic- 
ity and immunogenicity of an alternative route of AVA administration and of a re- 
duced number of vaccine doses. 

• DoD should develop systems to enhance the capacity to monitor the occur- 
rence of later-onset health conditions that might be associated with the receipt of 
any vaccine; the data reviewed by the committee do not suggest the need for 
special efforts of this sort for AVA. 

BOXES-4 
Chapter 7 Findings 

• FDA's process of plant inspection and FDA's validation of the vaccine man- 
ufacturing process have changed and have become more stringent with time. 

• With high-priority efforts by the manufacturer and FDA, the manufacturing 
process for AVA has been validated so that vaccine manufactured postrenovation 
has been approved for release and distribution. 

• AVA will now be produced by a newly validated manufacturing process un- 
der strict controls, according to current FDA requirements. As a result the postren- 
ovation product has greater assurance of consistency than that produced at the 
time of original licensure. 
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BOXES-5 
Chapter 8 Findings 

• Current events in both the military and the civilian arenas highlight and con- 
firm the importance of ensuring both the availability and the quality of the nation's 
anthrax vaccine. 

• The AVA product produced in a renovated facility by a newly validated man- 
ufacturing process could differ from the prerenovation product in terms of its reac- 
togenicity, immunogenicity, and stability. The information available to the commit- 
tee suggests that AVA lots manufactured postrenovation may show less variation 
in reactogenicity because of greater consistency in the production process, and 
there is no a priori basis to believe that the postrenovation product will be more 
reactogenic or less immunogenic than the older vaccine. 

• Given the concerns raised by some service members about the safety of 
the anthrax vaccine, the creation of AVEC was an appropriate complement to 
other resources in FDA, the Centers for Disease Control and Prevention (CDC), 
and DoD for the monitoring of vaccine safety concerns. The results of the extra 
monitoring did not indicate the existence of any sentinel events that were not de- 
tected in the existing FDA and CDC reviews. The committee finds no scientific 
reason for the continued operation of AVEC in its present form. 

• The possibility of detecting a signal in VAERS will be even more limited for 
AVA than for many other vaccines, given the relatively small population (primarily 
military personnel) exposed to the vaccine and the low rates at which the hypoth- 
esized health effects of greatest concern might be expected to occur in that popu- 
lation. 

• VAERS is a critically important source of signals, that is, hypotheses about 
potential associations between a vaccine and a health event, but these hypothe- 
ses must be tested through other means. DMSS gives DoD a unique resource with 
which to conduct such testing. 

• DMSS is a unique and promising population-based resource for monitoring 
the emergence of both immediate-onset and later-onset (perhaps up to 5 years) 
health concerns among military personnel and for testing hypothesized associa- 
tions between such health concerns and exposures resulting from military service, 
including vaccines. 

• DoD personnel have used DMSS to conduct valuable analyses in response 
to concerns about health effects that might be associated with vaccination with 
AVA. Yet DoD personnel working with DMSS data are necessarily limited in time 
and focus. DMSS data could therefore yield valuable insights in the hands of civil- 
ian researchers. 

• DMSS cannot be used to study mild adverse events, even if they are com- 
mon. 

• Because DMSS captures health care data only for military personnel on 
active duty, it cannot be used to study the later-onset effects of vaccines over 
periods of time beyond the normal length of active military service. 

• The current anthrax vaccine is difficult to standardize, is incompletely char- 
acterized, and is relatively reactogenic (probably even more so because it is ad- 
ministered subcutaneously), and the dose schedule is long and challenging. An 
anthrax vaccine free of these drawbacks is needed/and such improvements are 
feasible. 
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BOXES-6 
Chapter 8 Recommendations 

• As with all vaccines, AVA lots produced postrenovation should continue to 
be monitored for immunogenicity and stability, and individuals receiving these lots 
should be monitored for possible acute or chronic events of immediate or later 
onset. 

• DoD should disband AVEC in its current form and instead assist FDA and 
CDC in establishing an independent advisory committee charged with overseeing 
the entire process of evaluating vaccine safety. The proposed advisory committee 
can also assist on an ad hoc basis in the interpretation of potential signals detected 
in VAERS or other sources regarding the safety of any vaccine. The newly estab- 
lished FDA drug safety committee might be an appropriate model. 

• If DoD chooses to continue AVEC, DoD should consider redefining the pan- 
el's role so that it serves as an independent advisory committee that responds on 
an ad hoc basis to specific requests to assist in the interpretation of potential sig- 
nals detected by others (e.g., CDC and FDA) and reported to VAERS or other 
sources regarding the safety of all vaccines administered to service personnel 
rather than continuing the panel's current role of rereviewing each VAERS report 
related to AVA. 

• DoD should develop a capability for the effective use of DMSS to regularly 
test hypotheses that emerge from VAERS and other sources regarding vaccine- 
related adverse events. 

• DoD should actively support and advance the development of DMSS data 
resources and the staffing of units that will allow the continuing rapid and careful 
analysis of these data, including but not limited to the proposed collaboration be- 
tween CDC and the Army Medical Surveillance Activity. 

• DoD should investigate mechanisms that can be used to make DMSS data 
available to civilian researchers, as is done by civilian agencies, with appropriate 
controls and protections for privacy. 

• DoD should develop ad hoc prospective cohort studies in one or more mil- 
itary settings to test hypotheses that emerge from VAERS, DMSS, or other sourc- 
es. However, the committee does not recommend that such studies targeted at 
AVA be conducted at present since no convincing evidence of new adverse events 
in AVA recipients sufficient to merit a prospective investigation has been present- 
ed. Rather, further studies of the effects of AVA should be performed in the context 
of studies of the effects of all vaccines administered to members of the military. 

• DoD should carefully evaluate options for longer-term follow-up of the pos- 
sible health effects of vaccination against anthrax (and other service-related expo- 
sures). The committee recommends consideration of the following specific steps: 

• Encourage participation in the Millennium Cohort Study as part of a pro- 
gram to ensure adequate monitoring for any possible later-onset health effects that 
might be associated with vaccination with AVA or other service-related exposures. 

• Collaborate with the Department of Veterans Affairs (VA) to monitor ser- 
vice members who receive medical care through VA facilities after separation from 
military service. Linking of data from DMSS to data from VA is a possible tool. 
Even though those who receive their medical care through VA may be an unrepre- 
sentative minority of all former military personnel, valid comparisons may be pos- 
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BOX ES-6 Continued 

sible between those within that population who received a vaccine or other expo- 
sure and those who did not. 

• Collaborate with VA to obtain fact-of-death information from the Benefi- 
ciary Identification and Records Locator System and with the Social Security Ad- 
ministration to obtain death files. Data on the cause of death should be obtained 
from the National Death Index as needed. 

• Ensure the long-term maintenance of DMSS and other relevant paper 
and electronic records so that retrospective studies will be feasible if health con- 
cerns are identified in the future. 

• DoD should continue and further expedite its research efforts pertaining to 
anthrax disease, the ß. anthracis organism, and vaccines against anthrax. Re- 
search related to anthrax should include, in particular, efforts such as the following: 

• DoD should pursue and encourage research to develop an anthrax vac- 
cine product that can be produced more consistently and that is less reactogenic 
thanAVA; 

• DoD should pursue and encourage research regarding the B. anthracis 
capsule; 

• DoD should pursue and encourage research on the mechanisms of ac- 
tion of the anthrax toxins; such research could lead to the development of small- 
molecule inhibitors; 

• DoD should pursue and encourage research to map the epitopes of the 
protective antigen that correlate with specific functional activities; 

• DoD should pursue and encourage research to test the therapeutic po- 
tential of antitoxin proteins or antibodies; and 

• DoD should pursue and encourage research into additional potential 
virulence factors in B. anthracis and into other possible vaccine candidates. 
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1 

Introduction 

In the autumn of 2001, following the terrorist attacks of September 11, 
anthrax and the anthrax vaccine became prominent national concerns. The 
deliberate distribution of anthrax spores through the U.S. mail resulted in 5 
deaths from inhalational anthrax, 6 additional cases of inhalational an- 
thrax that were successfully treated, 12 cutaneous anthrax infections (con- 
firmed and suspected; CDC, 2001), and the treatment of thousands of 
others with known or suspected exposure to anthrax spores. Previously, 
concerns about anthrax had focused on its possible use as a biological 
weapon in a military context. 

During the 1991 Gulf War, concerns that Iraq had prepared anthrax 
spores for use as a biological weapon motivated the U.S. military to admin- 
ister the licensed anthrax vaccine to an estimated 150,000 service members. 
After the war, admission by Iraq that it had indeed produced weapons 
containing anthrax spores confirmed fears of the potential use of anthrax as 
a biological weapon (Henderson, 1999; Zilinskas, 1997). As a response to 
this threat, in December 1997 Secretary of Defense William Cohen an- 
nounced a plan to vaccinate all U.S. service members for anthrax using the 
licensed anthrax vaccine. The universal vaccination plan was to be phased 
in gradually, starting with service members judged most likely to encounter 
the threat. Service members scheduled for deployment to areas considered 
to be "high risk" began to receive vaccinations through the Department of 
Defense's (DoD's) Anthrax Vaccine Immunization Program starting in 
March 1998. As more service members received the mandatory vaccines, 
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however, some raised concerns about the safety and the efficacy of the 
vaccine being administered. 

Responding to those concerns, the U.S. Congress included language in 
the conference report accompanying the 2000 DoD appropriations legisla- 
tion directing DoD to enter into a contract with the National Research 
Council to study the effectiveness and safety of the anthrax vaccine.1 Con- 
gress called for the study to examine the safety and efficacy of the licensed 
vaccine, including consideration of the types and severities of adverse reac- 
tions, differences in reactions by sex, long-term health implications, its 
efficacy against inhalational exposure to all known anthrax strains, and 
correlation of the safety and efficacy of the vaccine in animal models to its 
safety and efficacy in humans. The study was also to address the issue of the 
validation of the manufacturing process, with consideration of discrepan- 
cies identified by the Food and Drug Administration in February 1998, 
definition of vaccine components, and identification of gaps in existing 
research. (See Appendix A for the Statement of Task.) 

In June 2000 a contract between DoD and the Institute of Medicine 
(IOM) was finalized to carry out the study requested by Congress. IOM 
convened the Committee to Assess the Safety and Efficacy of the Anthrax 
Vaccine, and this report reflects the work of that committee. 

STUDY PROCESS AND INFORMATION SOURCES 

Reflecting the components of the statement of task, the members of the 
Committee to Assess the Safety and Efficacy of the Anthrax Vaccine brought 
expertise in microbiology; vaccine research, development, manufacture, and 
evaluation; postmarketing surveillance of adverse events; regulatory and 
licensing procedures; epidemiology; biostatistics; immunology; and health 
surveillance (see Appendix B for biographical sketches of the committee 
members). The committee's charge did not include evaluation of the DoD 
policy to vaccinate all service members, so the committee did not include an 
evaluation of the threat from biological warfare agents in its purview. 
Similarly, the committee was not asked to address the challenges in bio- 
weapons vaccine development and procurement generally, which have re- 
cently been discussed in a statement from the Council of the Institute of 
Medicine (http://www.iom.edu/IOM/IOMHome.nsf/Pages/Vaccine+ Devel- 
opment) and in reports by the Gilmore Commission (http://www.rand.org/ 
nsrd/terrpanel/) and DoD (http://www.defenselink.mil/pubs/Reporton 
BiologicalWarfareDefenseVaccineRDPrgras-July2001 .pdf ). 

taking Appropriations for the Department of Defense for the Fiscal Year Ending Sep- 
tember 30, 2000, and for Other Purposes, P. L. No. 106-79 (1999). 
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Since the terrorist attacks of September 11, 2001, and subsequent mail 
distribution of anthrax spores, interest in AVA has greatly increased. Con- 
sideration of the full range of topics concerning civilian use of the anthrax 
vaccine was beyond the purview of this report. However, some of the issues 
that the committee did address should also be of interest for civilians. 

The committee gathered information for the study through several 
means. The committee held a total of four public workshops to collect 
relevant information; the dates and locations of these meetings are provided 
in Appendix C. At these meetings, researchers presented the committee 
with data gathered in studies of the safety of the vaccine. In addition, the 
committee heard from service members and others with concerns about the 
safety and efficacy of the vaccine, as well as additional information about 
the manufacture of the vaccine and the disease itself. The committee also 
commissioned a paper to review the available literature regarding the rates 
of adverse events associated with several vaccines routinely administered to 
adults. Information on the anthrax vaccine was obtained from DoD, the 
Food and Drug Administration, and BioPort, the current manufacturer. In 
addition to its four public workshops, the committee met in two additional 
meetings and two conference calls. 

The committee sought access to all possible data, not just published 
data. Only a few studies on the safety of the anthrax vaccine had been 
published by the time the committee preparing this report began its work in 
October 2000. However, several studies had been conducted by DoD inves- 
tigators, who were urged by IOM and DoD to publish their work. Over the 
course of this study, investigators made available to the committee several 
manuscripts submitted or planned for submission for publication. The in- 
vestigators involved in many of the studies, published or unpublished, also 
attended open committee meetings to present their data and discuss their 
findings with the committee. In addition, several analyses of existing data 
were carried out at the committee's request, and these provided some of the 
most compelling information supporting the committee's findings on safety. 

RELATED REPORTS 

IOM Letter Report on Anthrax Vaccine 

The conference report mandating the current study required that a 
preliminary report be submitted to Congress by April 1, 2000. At the time 
of the legislation, the IOM Committee on Health Effects Associated with 
Exposures During the Gulf War was active in its work to evaluate the 
published scientific literature concerning the agents to which Gulf War 
veterans may have been exposed. Since the anthrax vaccine was among 
these exposures, the committee had already reviewed the available database 
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regarding the safety, but not the efficacy, of the vaccine. To be responsive to 
Congress and DoD, that committee issued a letter report on March 30, 
2000 (see Appendix H). 

The letter report summarized the IOM committee's review of the litera- 
ture on the safety of the anthrax vaccine. After a review of only primary 
peer-reviewed literature, the committee concluded that there was inad- 
equate or insufficient evidence to determine whether an association does or 
does not exist between vaccination against anthrax and long-term adverse 
health outcomes. The committee noted the large body of results that had 
not yet been published and strongly urged investigators conducting relevant 
studies to submit their results to peer-reviewed scientific journals for publi- 
cation. 

The same committee released the first volume of its full report in Sep- 
tember 2000 (IOM, 2000). In its chapter on vaccines, the Committee on 
Health Effects Associated with Exposures During the Gulf War provided a 
review of the published studies available. In addition to the conclusion 
about long-term health outcomes noted above, the committee concluded 
that "there is sufficient evidence of an association between anthrax vaccina- 
tion and transient acute local and systemic effects (e.g., redness, swelling, 
fever) typically associated with vaccination" (IOM, 2000, p. 16). Again, 
that committee urged publication of additional studies in peer-reviewed 
scientific journals. 

IOM Committee to Review the CDC Anthrax Vaccine Safety and 
Efficacy Research Program 

In the 2000 Department of Health and Human Services appropriations 
legislation, Congress provided funding to the Centers for Disease Control 
and Prevention (CDC) for an effort to study the safety and efficacy of 
vaccines used against biological agents. The mandate was to (1) address 
risk factors for adverse events, (2) determine immunological correlates of 
protection and document vaccine efficacy, and (3) determine the optimal 
vaccination schedule and routes of administration.2 CDC contracted with 
IOM to establish an expert panel to review the completeness and appropri- 
ateness of the CDC plan for responding to the congressional mandate. The 
IOM Committee to Review the CDC Anthrax Vaccine Safety and Efficacy 
Research Program began its work in October 2000. The committee's in- 
terim report, which provided preliminary findings and recommendations 
about the CDC research plans, was released to the public on July 2, 2001 

2An Act Making Consolidated Appropriations for the Fiscal Year Ending September 30, 
2000, and for Other Purposes, P. L. No. 106-113 (1999). 
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(IOM, 2001). Four members of the committee also serve on the IOM 
Committee to Evaluate the Safety and Efficacy of the Anthrax Vaccine, 
which carried out the study described in this report. 

ACIP Recommendations 

In December 2000 a report regarding recommendations for use of the 
anthrax vaccine was released by the Advisory Committee on Immunization 
Practices (ACIP) (CDC, 2000). This committee consists of 15 experts se- 
lected to provide advice to the Secretary of Health and Human Services and 
CDC regarding the routine use of vaccines (http://www.cdc.gov/nip/ACIP/). 
In Use of Anthrax Vaccine in the United States, ACIP reviewed safety and 
efficacy data and recommended routine vaccination with Anthrax Vaccine 
Adsorbed (AVA) for those working with large quantities or concentrations 
of Bacillus anthracis and those conducting activities with a high potential 
for B. anthracis aerosol production (CDC, 2000). ACIP did not recommend 
preexposure vaccination for emergency first responders, federal responders, 
medical practitioners, or private citizens for bioterrorism preparedness be- 
cause "the target population for bioterrorist release of B. anthracis cannot 
be predetermined, and the risk of exposure cannot be calculated For the 
military and other select populations or for groups for which a calculable 
risk can be assessed, pre-exposure vaccination may be indicated" (CDC, 
2000, p. 12). 

Since the release of that report, the intentional mailing of anthrax 
spores in letters in October 2001 and the subsequent illnesses and deaths 
from anthrax have heightened interest in the use of AVA for a wider popu- 
lation. At the time of this writing, however, ACIP had not altered its recom- 
mendations regarding the populations for whom vaccination would be 
indicated. 

GENERAL PRINCIPLES REGARDING USE OF VACCINES 

Like all medical interventions, vaccines should be used only when the 
potential benefits from the intervention warrant the risks of adverse effects. 
Vaccines, however, differ from drugs used for treatment, and in the case of 
a vaccine against anthrax, some additional special considerations affect the 
trade-off. 

First, vaccines share with other preventive interventions the burden of 
being used prophylactically for otherwise healthy individuals. Their use is 
intended for prevention rather than treatment. As such, they are given to 
healthy individuals, so it is less tolerable if they cause adverse effects in the 
course of promoting overall health. The burden of proof for the safety of 
vaccines is therefore even higher than the burden of proof for the safety of 
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other medical interventions. This makes it even more important that their 
risk-benefit balance be as favorable as possible. 

Second, one must consider very carefully the appropriate target group 
that should receive the vaccine. For some vaccines, the target group is the 
entire population. Often, that is because of the phenomenon of "herd im- 
munity"; that is, for diseases that can be transmitted from person to person 
(e.g., poliomyelitis), it benefits the entire population to have others pro- 
tected from the disease, as it reduces the risk to the population as well as to 
the individual. For other vaccines (e.g., tetanus toxoid), the illness cannot 
be passed from person to person, but the vaccine is nevertheless recom- 
mended for use by everyone since everyone is at sufficiently high risk of the 
disease. For still other vaccines, there are clearly identifiable target groups 
at higher risk; for example, typhoid vaccine is recommended for use by 
travelers to developing countries. 

In the case of a vaccine against anthrax, the situation is even more 
complex. The illness cannot be transmitted from person to person. There- 
fore, there is no possibility of herd immunity, nor is there a reason to 
vaccinate the entire population. Thus, the vaccine should be targeted to 
those at higher risk of disease. In light of recent events, however, that target 
population has become very fluid, whereas formerly it was definable. His- 
torically, the licensed vaccine was recommended only for those at risk for 
occupational exposure to anthrax bacteria or spores. However, in recent 
years the risk of biological warfare led to a judgment that military person- 
nel were at occupational risk of exposure and should receive the anthrax 
vaccine. Recent bioterrorist use of anthrax spores in the U.S. mail system 
has indicated that some civilian populations might even be considered at 
sufficient risk to warrant their use of an anthrax vaccine, if one were 
available, sufficiently safe, and sufficiently effective. 

As noted earlier, this report does not address the military policy to 
vaccinate all service members, nor does it consider which other populations 
should be considered for vaccination. These questions were not part of the 
charge to the committee, nor is biological warfare or bioterrorist risk as- 
sessment part of its expertise. Rather, the report focuses on the efficacy and 
safety of the current licensed vaccine and provides information for those 
who must establish vaccination policy. 

ORGANIZATION OF THE REPORT 

The varied components of the committee's statement of task (see Ap- 
pendix A) fall into broad categories of efficacy, safety, manufacturing, and 
future needs. This report is organized into these categories as well. Chapter 
2 provides background material about the disease known as anthrax, the 
licensed anthrax vaccine, and the data available for evaluation of its safety 
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and efficacy. Information relevant to assessing the efficacy of the vaccine is 
presented in Chapter 3. The establishment of efficacy is crucial before one 
can consider the use of any such intervention, and no safety risk is tolerable 
in the absence of efficacy. Chapter 4 introduces the types of information 
available concerning the assessment of vaccine safety, whereas Chapters 5 
and 6 review the safety data available on this vaccine from case reports and 
from epidemiologic studies, respectively. Issues related to manufacturing 
are reviewed in Chapter 7, and in Chapter 8 the committee discusses needs 
for future efforts, including gaps in research. 
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Background 

Anthrax is primarily a disease of animals, and historically, humans 
have generally contracted the disease through contact with infected animals 
or contaminated animal products. The disease had become extremely un- 
common in any form in the United States until the intentional mailings of 
anthrax spores caused an outbreak in the autumn of 2001 that resulted in 
five deaths from the inhalational form of the disease. 

Anthrax vaccines for use in animals were first developed in the late 
19th century. Work on vaccines suitable for human use gained urgency in 
the 1940s, with fears that anthrax would be used as a biological warfare 
agent. The current vaccine, Anthrax Vaccine Adsorbed (AVA), was licensed 
in 1970 and was recommended for use by a small population of textile mill 
workers, veterinarians, laboratory scientists, and other workers with occu- 
pational risk of exposure to anthrax. In the 1990s, increased concern about 
the use of biological weapons led the Department of Defense (DoD) to 
begin vaccination of U.S. military personnel. Some troops were given an- 
thrax vaccine in the 1991 Gulf War, and a large program to vaccinate all 
service members was begun in 1998. By 2001 a limited vaccine supply, the 
result of delays in federal approval for release of newly manufactured vac- 
cine lots, had significantly slowed plans to vaccinate all military personnel. 
After the deliberate distribution of anthrax spores in bioterrorist incidents 
in the autumn of 2001, the vaccine was offered as part of the treatment for 
as many as 10,000 of the civilians who had been exposed. 

This chapter summarizes the basic pathophysiology of anthrax, reviews 
the history of anthrax vaccine development, and outlines the concerns that 
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have emerged on the part of some people about the adverse health out- 
comes that might be associated with use of the vaccine. 

THE DISEASE 

Anthrax is caused by infection with Bacillus anthracis, a gram-positive, 
nonmotile, spore-forming organism (Brachman and Friedlander, 1999; 
Dixon et al., 1999). Exposure to the spores of this one organism can cause 
three different forms of disease—cutaneous, gastrointestinal, or inhalational 
anthrax—depending on the site of infection. Cutaneous anthrax is the most 
common and the most treatable form; inhalational anthrax is rare but poses 
a much greater risk of death. 

Epidemiology 

Anthrax is found worldwide and is transmitted primarily through 
spores that are highly resistant to heat, drought, and many disinfectants 
(Dixon et al., 1999). It is primarily a disease of wild and domestic animals, 
especially herbivores such as cattle, sheep, and goats. Animals can be in- 
fected through exposure to spores in contaminated grazing areas, contami- 
nated feed, or infected carcasses (Friedlander, 2000). Humans in agricul- 
tural settings can be infected through contact with infected animals or 
contaminated animal products. Human infections also occur in industrial 
settings where contaminated animal products such as wool, hair, hides, or 
meat are processed. Most human cases in either agricultural or industrial 
settings are cutaneous. Inhalational anthrax is generally seen only in indus- 
trial settings because conditions where a sufficiently large number of spores 
are aerosolized in an enclosed area do not generally occur naturally 
(Brachman and Friedlander, 1999). Person-to-person transmission is not 
known to occur with inhalational anthrax and has rarely been reported 
with other forms of the disease (Friedlander, 2000). 

The worldwide incidence of anthrax in humans is difficult to deter- 
mine, but the annual number of cases in the 1980s and 1990s is estimated 
to have been about 2,000, down from an estimated 20,000 to 100,000 
cases in 1958 (Brachman and Friedlander, 1999). During the 19th century, 
"wool-sorters' disease," or inhalational anthrax, was fairly common among 
workers handling animal hides, hairs, or wools. Approximately 200 cases 
were reported in the United States before 1900 (Plotkin et al., 1960). Only 
18 cases of inhalational anthrax were reported in the United States in the 
20th century, despite evidence of extensive exposure of workers in goat 
hair-processing mills to aerosolized spores (Inglesby et al., 1999). In 1957, 
five cases of inhalational anthrax, four of them fatal, occurred at a goat 
hair-processing mill in New Hampshire. Vaccination did not become man- 
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datory for these workers until the 1960s and so cannot account for the low 
rate of inhalational disease (Inglesby et al., 1999). 

Other forms of anthrax are also rare in the United States. Until the 
bioterrorist events in the autumn of 2001, a total of 238 anthrax cases had 
been reported since 1955; of those, 95 percent were cutaneous infections 
(Brachman and Friedlander, 1999; CDC, 2001a). In 2000, one reported 
case of cutaneous anthrax occurred (CDC, 2001a) and possible cases of 
gastrointestinal infection were associated with the consumption of con- 
taminated meat (CDC, 2000b). 

In the autumn of 2001 the United States experienced an outbreak of 
anthrax due to bioterrorism. Exposure to letters containing B. anthracis 
spores sent through the U.S. mail resulted in seven confirmed and five 
suspected cutaneous cases and 11 confirmed inhalational cases (CDC, 
2001e). The victims included postal workers (Gallagher and Strober, 2001), 
employees of print and broadcast media organizations, and at least one 
infant (Roche et al., 2001). 

Anthrax has also been part of biological warfare programs in some 
countries. In 1979 in Sverdlovsk, Russia, an apparently accidental release 
of aerosolized spores from a military facility resulted in 68 deaths among 
79 individuals with reported cases of inhalational anthrax (Meselson et al., 
1994). 

Clinical Features 

The outbreak of inhalational and cutaneous anthrax in the United 
States during the autumn of 2001 produced far more clinical and public 
health experience with the disease than had occurred in many decades. Both 
the outbreak and the outcomes of individual cases showed considerable 
differences from previous classic descriptions. The anthrax spores appeared 
to have been processed intentionally to enhance their most dangerous prop- 
erties. They were finely milled and rendered nonpolar to maintain the very 
small particle size necessary for inhalation and to promote prolonged aero- 
solization. Naturally occurring spores tend to adhere quickly to each other 
and to surfaces. 

Improvements in both the speed of diagnosis and clinical management 
resulted in the survival of at least some of those who contracted inhala- 
tional anthrax, which would not have been expected on the basis of earlier 
experience (Brown, 2001). Analysis of this new information on the clinical 
course of disease was continuing as the committee completed this report. In 
particular, both the inoculum associated with infection in different indi- 
viduals and the duration of antibiotic treatment necessary for survival after 
infection remain uncertain. Although every effort was made to include 
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current information, some of the information presented here will likely be 
incomplete or out of date when the report becomes available. 

Cutaneous Anthrax 

Cutaneous anthrax results from the introduction of spores through the 
skin, generally at the site of a minor injury. After an incubation period, 
typically 2 to 5 days, a small pruritic (itchy) papule appears (Brachman and 
Friedlander, 1999). In 1 to 2 days, the site develops one or more vesicles 
filled with clear or serous fluid containing numerous anthrax bacilli. Within 
a week, the vesicle erodes, leaving a necrotic ulcer with a characteristic 
black eschar at the center (see Figure 2-1). The lesion then heals in another 
2 to 3 weeks. Edema may develop around a lesion and can become exten- 
sive in some cases. Other symptoms including malaise, low-grade fever, and 
swelling of adjacent lymph glands may occur, but anthrax lesions are gen- 
erally painless unless a secondary infection is present. Without antibiotic 
treatment, up to 20 percent of cutaneous anthrax infections are fatal, but 
with treatment the fatality rate is less than 1 percent (CDC, 2000c). A 
recent case report describes bioterrorist-related cutaneous anthrax in an 
infant (Freedman et al., 2002). 

FIGURE 2-1 Cutaneous anthrax lesion. 
SOURCE: Public Health Image Library, CDC. 
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Gastrointestinal Anthrax 

Eating meat contaminated with anthrax spores can result in gastrointes- 
tinal or oropharyngeal infection. Pathological examinations show ulcer- 
ations with edema and mucosal necrosis in the affected area (Dixon et al., 
1999). A gastrointestinal infection initially produces nausea, vomiting, and 
fever, followed by often severe abdominal pain, bloody diarrhea, and as- 
cites. As these symptoms are common to other acute abdominal conditions, 
gastrointestinal anthrax can be difficult to identify. Blood loss and fluid and 
electrolyte imbalances can lead to shock, and death may follow intestinal 
perforation or anthrax toxemia (Dixon et al., 1999). From 25 to 75 percent 
of cases may be fatal (Brachman and Friedlander, 1999). An oropharyngeal 
infection, which is milder than the gastrointestinal form, produces fever, 
visible ulcers, and local edema and swollen lymph glands that can interfere 
with swallowing and breathing (Dixon et al., 1999). 

Inbalational Anthrax 

Inhalational anthrax has been a rare disease because there are limited 
circumstances when spores whose particle sizes are sufficiently small (less 
than 5 micrometers [urn]) to be inhaled deep into the lung are suspended in 
air. When anthrax spores are inhaled, they are deposited in the alveolar 
spaces, where they are taken up by macrophages and transported to the 
mediastinal and peribronchial lymph nodes. In the lymph nodes, spores 
germinate to become vegetative, multiply, and cause hemorrhagic medias- 
tinitis. They also move into the bloodstream and spread throughout the 
body. At Sverdlovsk, the modal incubation period from exposure to the 
onset of symptoms was 10 days, but some cases developed up to 6 weeks 
after the reported exposure (Dixon et al., 1999; Inglesby et al., 1999; 
Meselson et al., 1994). 

The initial symptoms of inhalational anthrax, which resemble those of 
influenza and other common upper respiratory infections, include malaise, 
fatigue, and cough. In days, severe respiratory distress develops, with dysp- 
nea, cyanosis, and strident cough. Other symptoms may include fever, 
chills, and subcutaneous edema of the chest and neck (Brachman and Fried- 
lander, 1999). Radiographic examination of the chest usually shows a char- 
acteristic widening of the mediastinum and pleural effusions (see Figure 2- 
2). Shock may develop, and hemorrhagic meningitis (see Figure 2-3) may 
occur in about 50 percent of cases (Brachman and Friedlander, 1999). 
Death usually occurs within 24 hours following the onset of acute symp- 
toms. At Sverdlovsk, the mean interval from the onset of initial symptoms 
to death was 3 days (Dixon et al., 1999). On the basis of previously limited 
observations, inhalational anthrax was fatal in 80 to 90 percent of cases 
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FIGURE 2-2 Chest radiograph characteristic of inhalational anthrax. 
SOURCE: Public Health Image Library, CDC. 

FIGURE 2-3 Hemorrhagic meningitis caused by anthrax. 
SOURCE: Public Health Image Library, CDC. 
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(CDC, 2000c). Aggressive treatment early enough in the course of the 
disease appears to improve the rate of survival. 

A review of the first 10 reported patients with inhalational anthrax 
resulting from the bioterrorism release of anthrax spores in the autumn of 
2001 indicated that all 10 had abnormal chest X rays (Jernigan et al., 
2001). Abnormalities included infiltrates, pleural effusion, and mediastinal 
widening. Mediastinal lymphadenopathy was observed in seven patients. 
Extensive sweating was a prominent feature in these 10 patients, although 
it had not been emphasized in reports of earlier cases. A brief period of 
improvement after the earliest symptoms noted in earlier cases was not seen 
in these patients. The median incubation period from exposure to the onset 
of symptoms was 4 days in the six patients for whom the time of exposure 
was known. Six of the 10 patients described in the paper survived with 
multidrug antibiotic regimens and aggressive supportive care (e.g., drainage 
of pleural effusions). Additional case reports describe clinical features of the 
tenth and eleventh cases of bioterrorism-related inhalational anthrax 
(Barakat et al., 2002; Mina et al., 2002). 

Treatment 

Penicillin, doxycycline, and ciprofloxacin are the primary antibiotics 
recommended for treatment of all forms of anthrax (CDC, 2000c), al- 
though there are no formal studies of clinical treatment of inhalational 
anthrax in humans (Inglesby et al., 1999). Both doxycycline and cipro- 
floxacin were recommended as initial therapy for infections associated with 
the recent bioterrorist attack in the United States (CDC, 2001c). Mild 
cutaneous cases can be treated effectively with oral medication, but treat- 
ment does not alter the course of the skin lesion. Other forms of anthrax 
and more serious cutaneous cases must be treated with intravenous antibi- 
otics. Additional supportive therapy may be needed to prevent septic shock, 
to maintain fluid and electrolyte balance, and to maintain a patent airway. 
If inhalational exposure to anthrax spores is known or suspected but symp- 
toms have not developed, the Centers for Disease Control and Prevention 
(CDC) recommends a 60-day course of antibiotic treatment to protect 
against delayed germination of spores (CDC, 2001b). If available, at least 
three doses of anthrax vaccine can be administered. 

Pathogenesis 

When anthrax spores are introduced into the body by any route, they 
are taken up by macrophages and germinate into vegetative bacteria with 
an antiphagocytic capsule that deters the host's immune response to the 
organism. The vegetative bacteria multiply and secrete toxins that produce 
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local edema and necrosis. If bacteria are carried to regional lymph nodes, 
they multiply further and produce additional edema and necrosis and enter 
the bloodstream to produce a systemic infection (Brachman and Fried- 
lander, 1999; Dixon et al., 1999). 

The virulence of B. anthracis derives from the production of three toxin 
proteins and the capsule. The toxin proteins, encoded on the pXOl plas- 
mid, are protective antigen (PA), edema factor (EF), and lethal factor (LF). 
To produce active toxins, PA must bind to cellular receptors and then bind 
with either EF or LF (see Figure 2-4). The human cellular receptor for PA 
has recently been identified and characterized and named anthrax toxin 
receptor (Bradley et al., 2001). The resulting edema toxin or lethal toxin 
can then enter the cell. The effects of edema toxin appear to result from EF, 
an adenylate cyclase that increases intracellular levels of cyclic adenosine 
monophosphate, which upsets water homeostasis (Dixon et al., 1999). 
Edema toxin may also impair neutrophil function. LF is a zinc metallo- 
protease that cleaves two mitogen-activated protein kinase kinases. The 
mechanism by which it leads to death of the host remains unknown but 
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FIGURE 2-4 Model of anthrax toxin action. (1) PA binds to cellular receptor. 
(2-3) The protein is cleaved and activated to form a heptameric prepore. (4) LF, 
EF, or both bind to the heptamer, and the resulting complex is taken into an 
acidic compartment in the cell through endocytosis. (5-6) The acidic pH initiates 
the heptamer to pierce the membrane of the cell and translocate LF, EF, or both 
into the cytosol, where the toxins lead to damage. [Reprinted, with permission, 
from Biochemistry 38:10432-10441 (1999). Copyright 1999 by American Chem- 
ical Society.] 
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may involve suppression of the inflammatory response (Pellizzari et al., 
1999, Erwin et al., 2001). 

A second plasmid, pX02, contains a gene that encodes the synthesis of 
a polyglutamyl capsule that inhibits phagocytosis of the vegetative bacteria. 

Full virulence requires both plasmids. Attenuated spore vaccines have 
been developed with bacterial strains missing one or both plasmids. The 
livestock vaccine currently in use in the United States and other countries, 
known as the Sterne vaccine, is derived from a noncapsulated B. anthracis 
variant that lacks the pX02 plasmid. The vaccine currently licensed for 
human use in the United States, AVA, however, is a cell-free filtrate con- 
taining PA as the principal immunogen. 

ANTHRAX VACCINE DEVELOPMENT 

Early work on the development of a vaccine against anthrax in animals 
was carried out in the 1880s by W. S. Greenfield and by Louis Pasteur 
(Turnbull, 1991). What became known as Pasteur's vaccine used an encap- 
sulating nontoxigenic strain of B. anthracis administered to animals in two 
doses that differed in their degrees of heat attenuation (Turnbull, 1991, 
2000). A live spore vaccine developed by Sterne in the 1930s eventually 
supplanted Pasteur's vaccine and remains in use for livestock in many parts 
of the world. It is credited with marked reductions in the incidence of 
anthrax cases or in the absence of anthrax cases in vaccinated herds, reduc- 
ing the devastating impact of the disease in both animals and humans in 
areas where vaccination is carried out. Analogous vaccines were developed 
in the former Soviet Union and China, where they are used for humans as 
well as in animals (Turnbull, 2000). Limited data regarding the safety and 
efficacy of the vaccine used in humans in the former Soviet Union have been 
reported (Demicheli et al., 1998; Shlyakhov and Rubenstein, 1994). 

Live spore vaccines, such as the Sterne vaccine, have been associated 
with residual virulence that leads to occasional casualties in livestock and 
thus have not been considered appropriate for human use in the West. 
Therefore, when interest in the potential use of anthrax as a biological 
warfare agent arose after World War II, work to develop inactivated vac- 
cines began in both the United States, at Fort Detrick, Maryland, and the 
United Kingdom, at Porton Down (Turnbull, 2000). 

In the United States, the research to develop an anthrax vaccine used B. 
anthracis cultures in synthetic medium without proteins or other macro- 
molecules (Turnbull, 2000). A production system was described in 1954 
(Wright et al., 1954), including a chemically defined growth medium and a 
method of concentrating, stabilizing, and partially purifying protective an- 
tigen by precipitation. The safety and efficacy of this vaccine were evalu- 
ated in a controlled trial conducted between 1955 and 1959 at goat hair- 
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processing mills in the eastern United States (Brachman et al., 1962). The 
initial production method was soon modified for scale-up, with changes in 
the culture conditions, product purification method, and strain of the or- 
ganism used (Auerbach and Wright, 1955; Puziss and Wright, 1963; Wright 
and Puziss, 1957; Wright et al., 1962). 

The current vaccine, AVA,1 was licensed in 1970 for manufacture by 
the Michigan Department of Public Health. Both the production plant and 
the product line were eventually sold to a private company, BioPort, which 
at the time of this report was the sole U.S. manufacturer of an anthrax 
vaccine. The product license for AVA calls for subcutaneous administration 
of a basic series of six doses of 0.5 milliliters each. After administration of 
the initial dose, subsequent doses are administered at 2 weeks, 4 weeks, 6 
months, 12 months, and 18 months. Annual booster doses are required. 

USE OF ANTHRAX VACCINE 

As was noted above, B. anthracis is a widespread organism, and an- 
thrax disease has long been endemic in many agricultural areas. The disease 
was not, until quite recently, considered threatening outside certain indus- 
trial or agricultural settings that allowed exposure. The licensed anthrax 
vaccine had routinely been administered to the limited population of U.S. 
workers with occupational exposure to anthrax bacteria or spores. It is 
estimated that 68,000 doses of AVA were distributed between 1974 and 
1989 (Ellenberg, 1999). 

In the United States in recent years, however, AVA has been used 
primarily by the military to protect troops from weaponized B. anthracis 
(Brachman and Friedlander, 1999; Mazzuchi et al., 2000). At the time of 
the Gulf War, there were fears that Iraq had produced weapons containing 
anthrax spores. More than 300,000 doses of AVA were distributed during 
Operation Desert Storm, probably to more than 150,000 service members 
(Army Information Paper, 1991). 

Although no biological weapons were used against U.S. or other coali- 
tion forces during the Gulf War, subsequent inspections of Iraq in 1995 and 
1996 by the United Nations Special Commission and the International 
Atomic Energy Agency revealed that 8,000 liters of anthrax spore suspen- 
sion had been produced and that during the Gulf War in 1991 Iraq had 200 
bombs and 25 ballistic missiles containing biological agents (Henderson, 
1999; Zilinskas, 1997). More recent information indicates that Iraq has 

1The anthrax vaccine is adsorbed to aluminum hydroxide (Alhydrogel), which acts as an 
adjuvant. An adjuvant is a component that augments the immune response. Many vaccines 
require adjuvants for efficient elicitation of an immune response. 
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been renovating biological, chemical, and nuclear warfare research sites 3 
years after barring international inspectors (Bohlen, 2001). In 1997, as a 
result of the concerns about biological weapons, then Secretary of Defense 
William Cohen initiated a plan to vaccinate all U.S. service members against 
anthrax. Immunizations began in March 1998 under DoD's Anthrax Vac- 
cine Immunization Program (AVIP). As of November 29, 2001, 522,529 
service members had received 2,098,544 of doses of AVA (http:// 
www.anthrax.osd.mil/Flash_interface/default.html, accessed January 11, 
2002). 

Implementation of AVIP has been slowed by a limited supply of vac- 
cine. Renovations were begun at the manufacturing plant in 1998, and 
BioPort, the sole manufacturer, did not receive approval from the Food and 
Drug Administration (FDA) for release of newly manufactured vaccine 
until January 31, 2002. DoD has been able to continue immunizations, 
despite the limited supply of vaccine, but not at the rate first planned. In 
July 2000, in November 2000, and again in June 2001, DoD slowed the 
anthrax immunization program, focusing only on troops thought to be at 
greatest potential risk (http://www.anthrax.osd.mil, accessed September 5, 
2000; Marshall, 2000). 

In the autumn of 2001, more than 30,000 civilians were potentially 
exposed to anthrax in bioterrorist incidents involving the distribution of 
highly infectious spores through the U.S. mail (CDC, 2001d,e). Beginning 
in December 2001, CDC began offering vaccination with AVA as a treat- 
ment option for selected exposed civilians. This therapeutic use of the 
vaccine following exposure was not included under the official vaccine 
license and is being monitored under the provisions of an Investigational 
New Drug application. As of February 25,2002, the latest data available at 
the time that this report was completed, 192 people had begun receiving 
doses of AVA (Ashford, 2002). 

The committee emphasizes that this report is addressed to DoD and 
focuses on the licensed use of AVA for immunization before exposure to 
anthrax spores. 

CONCERNS ABOUT USE OF AVA 

AVIP and the product AVA have become focal points of great concern 
on the part of at least segments of the military and interested public. A few 
service members have refused the vaccine, at the risk of court-martial, 
because of their perception that it is particularly dangerous.2 Among the 

2Studies of service member's knowledge, attitudes, and beliefs regarding the anthrax vac- 
cine are being planned by CDC to help DoD to better understand and respond to such 
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concerns are complaints among Gulf War veterans of chronic multisystem 
clinical conditions that still lack a definable relationship to the anthrax 
vaccine or to other events in their Gulf War experiences (IOM, 2000b). 

The U.S. Congress has responded to these concerns, and hearings have 
been held in the U.S. House of Representatives and the U.S. Senate.3 The 
hearings typically included several current or former service members (or 
family members of service personnel) who had raised concerns about the 
adverse events that they had experienced or observed or about the re- 
sponses of military health care providers to these concerns. The witness list 
usually also included officials from DoD or a branch of the military service, 
FDA, and sometimes the manufacturer of AVA. As noted in Appendix C, 
the IOM Committee to Assess the Safety and Efficacy of the Anthrax Vac- 
cine also held a public hearing to gather information from people with 
concerns about the vaccine. The IOM committee benefited from the per- 
spective provided by the speakers, many of whom also provided testimony 
during congressional hearings. The witnesses described persistent and de- 
bilitating symptoms ranging from fever, headache, and malaise to swelling, 
joint pain, and tinnitus, which they ascribed to the anthrax vaccine. Several 
witnesses also described specific serious conditions including hypogonadism; 
Stevens-Johnson syndrome, which affected their vision as well as their skin; 
and aplastic anemia, which proved fatal. In addition, many witnesses ob- 
served that when they reported their symptoms to medical personnel, the 
health care providers seemed to be unaware of the Vaccine Adverse Event 
Reporting System (VAERS) or unwilling to file a report with VAERS and 
often seemed to doubt that the vaccine could have caused their symptoms. 

AVAILABLE DATA ON AVA 

In its letter report of March 2000, An Assessment of the Safety of the 
Anthrax Vaccine, the IOM Committee on Health Effects Associated with 
Exposures During the Gulf War expressed regret over the lack of informa- 
tion about the vaccine in the peer-reviewed published literature (IOM, 

3Christopher Shays, chair of the Subcommittee on National Security, Veterans Affairs, and 
International Relations of the Committee on Government Reform and Oversight convened a 
series of hearings in 1999 and 2000 on AVIP and on allegations that adverse event reporting 
to the Vaccine Adverse Event Reporting System does not adequately reflect the actual rate of 
adverse events. Congressman Steve Buyer, chair of the Subcommittee on Military Personnel of 
the House Committee on Armed Services, also held a hearing on AVIP, and the Committee on 
Appropriations chaired by Ted Stevens held a hearing on Gulf War illnesses, as had Congress- 
man Shays. The Senate Committee on Armed Services, chaired by Senator John Warner, also 
held 3 days of hearings in 2000. Those hearings were on AVIP and DoD's antibiological 
warfare agent vaccine acquisition program. 
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2000a). It listed an array of studies that were unpublished or ongoing that 
could contribute to the body of information on which conclusions regard- 
ing health effects could be based. 

As the study presented in this report began, representatives of DoD 
provided assurances to IOM that all relevant information from DoD would 
be made readily available to the committee and that efforts would be made 
to publish the data from completed studies. DoD and its investigators have 
followed through on these assurances. Most of the studies that have been 
carried out by DoD investigators to assess the safety and efficacy of the 
anthrax vaccine have now been written up as manuscripts and submitted 
for publication. Additional studies have been published since the letter 
report was released (e.g., CDC, 2000a; Gunzenhauser et al., 2001; Pittman 
et al., 2001, 2002; Rehme et al., 2002). In addition, one of the most 
important contributions to the committee's evaluation was in the form of 
analyses of data from military databases carried out at the committee's 
request. In accordance with its charge, the earlier IOM committee (Com- 
mittee on Health Effects Associated with Exposures During the Gulf War) 
reviewed only the published, peer-reviewed literature to reach its conclu- 
sions about safety. The current committee had a different purpose and as a 
result chose to review all the studies it was aware of and for which adequate 
descriptions of the study methods, data analyses, and results were made 
available. These studies are systematically reviewed in the chapters that 
follow. 

Several previous IOM committees evaluating possible causal associa- 
tions between vaccines or other exposures and specific health outcomes 
have chosen to describe their findings with a weight-of-evidence approach 
(IOM, 1991,1994, 2000b). Their findings placed associations between the 
exposure of interest and the health outcome into categories such as suffi- 
cient evidence of a causal relationship, sufficient evidence of an association, 
limited or suggestive evidence of an association, inadequate or insufficient 
evidence to determine whether an association does or does not exist, and 
limited or suggestive evidence of no association. The current committee 
chose not to use that approach because it was not asked to evaluate expo- 
sure to AVA as a cause of specific health outcomes. Rather, the committee 
was asked to provide an overall evaluation of the anthrax vaccine's safety. 
In addition, its charge included addressing various aspects of the efficacy of 
AVA, as well as manufacturing issues, two topics for which a weight-of- 
evidence approach is not readily applicable. 
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Anthrax Vaccine Efficacy 

Evaluating the efficacy of the Anthrax Vaccine Adsorbed (AVA), par- 
ticularly against inhalational exposure to anthrax, was a crucial part of this 
committee's charge. The charge specifically calls for evaluation of (1) the 
efficacy of the anthrax vaccine (AVA) in protecting humans from inhala- 
tional anthrax, (2) the efficacy of AVA against all known strains of Bacillus 
anthracis, and (3) the correlation of the effectiveness of the vaccine in 
animal models to its ability to protect humans. This chapter presents the 
committee's observations and findings regarding the efficacy of AVA against 
inhalational anthrax and all known strains. The committee also examines 
what is known and what must still be established regarding the correlation 
of immune protection in animal models with immune protection in hu- 
mans. 

The term efficacy generally refers to the ability of a product to achieve 
its desired effect under ideal conditions, such as a controlled clinical trial in 
which the product is consistently administered as prescribed. The effective- 
ness of a product is its ability to achieve the desired effect under real-world 
conditions. The charge to the committee uses both terms, and in many 
situations the terms are used interchangeably, with the context showing 
whether the effects were observed under laboratory-controlled or real-world 
conditions. In this report the committee is concerned primarily with evalu- 
ating efficacy. 

It is important to note that efficacy is relative, not absolute. A variety of 
factors can play a role in determining the degree of protection from a 
vaccine, which can include the size of the inoculum of exposure, the strain 
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of the pathogen, and the host response. Even a vaccine considered highly 
effective may fail to protect some individuals under some circumstances. 

EVALUATING EFFICACY OF AVA FOR 
BSfHALATIONAL ANTHRAX 

The data used to evaluate the efficacy of AVA come from three sources. 
Studies with textile mill workers tested the efficacy of AVA and a related 
vaccine against occupational exposures to anthrax spores. Serological stud- 
ies with humans tested the ability of AVA to elicit antibodies to protective 
antigen (PA), an indication of an immune response to the vaccine. Studies 
with animals tested the efficacy of the vaccine in protecting the animals 
from inhalational exposure to anthrax spores. 

Human Efficacy Trials 

Brachman and colleagues (1962) conducted the only randomized, pla- 
cebo-controlled trial of the efficacy of a PA-containing anthrax vaccine. 
Although the safety information that it provides is reported separately in 
Chapter 6, here the committee describes the information on vaccine efficacy 
provided in that study. The vaccine studied was not AVA but was an earlier 
formulation produced from the Rl-NP mutant of the Vollum strain of 
anthrax manufactured by Merck (see Chapter 7 for more details). The 
study was carried out from January 1955 through March 1959 in four 
textile mills in the northeastern United States that processed raw, imported 
goat hair for production into the interlinings of suit coats. The goat hair 
was typically contaminated with anthrax spores, and workers were ex- 
posed during handling of this material. Before receiving the vaccine, the 
average annual incidence of cutaneous anthrax among workers at these 
four mills ranged from 0.6 to 1.8 cases per 100 workers. 

The worker population eligible for the study included 1,249 men and 
women with no history of prior anthrax infection. Approximately 47 per- 
cent of employees worked in high-risk areas within the mills, and about 
one-half of the eligible study subjects came from one of the four mills (Mill 
A). Rates of refusal to participate in the study among the four mills ranged 
from <1 to 45 percent, and refusals were approximately equally distributed 
between the placebo and vaccine groups. 

Participating workers were randomly allocated by length of employ- 
ment, age, department, and job to receive either vaccine or placebo. Inocu- 
lations of 0.5 milliliters (ml) of either vaccine or placebo (0.1 percent alum) 
were given; the first three inoculations were administered at 2-week inter- 
vals, followed by three injections at 6-month intervals and annual boosters 
thereafter. Those referred to as "complete" inoculees received at least the 
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first three injections and subsequent inoculations on schedule (personal 
communication, S. A. Plotkin, consultant to the Institute of Medicine Com- 
mittee to Assess the Safety and Efficacy of the Anthrax Vaccine, January 
29,2001). Otherwise, the inoculees were referred to as "incomplete." There 
were 379 complete vaccine recipients and 414 complete placebo recipients. 
Only data for those designated complete inoculees were included in the 
calculation of efficacy. Routine visits and environmental sampling were 
conducted throughout the study to confirm exposure and identify cases of 
anthrax. 

Over the course of the study, 26 cases of anthrax occurred, including 
an outbreak of 9 cases over a 10-week period at one of the mills (Mill A). 
Twenty-one of the 26 cases were cutaneous anthrax and 5 were cases of 
inhalational anthrax, all of which occurred during the outbreak at Mill A. 
Of the 26 cases, 3 occurred among vaccine recipients (1 complete and 2 
incomplete inoculees), 17 occurred among individuals in the placebo group 
(15 complete and 2 incomplete inoculees), and 6 cases occurred among 
individuals who were not inoculated with the vaccine or the placebo. None 
of the cases of inhalational anthrax occurred in persons who had received 
the vaccine. 

The overall effectiveness of the vaccine against anthrax infection gener- 
ally was 92.5 percent (lower 95 percent confidence interval = 65 percent): 
91.4 percent in the high-risk group of workers and 100 percent in the low- 
risk group of workers. It was not possible to evaluate the efficacy of the 
vaccine against inhalational anthrax separately because of the small num- 
ber of cases. (Given the definition of "complete" vaccination in the pub- 
lished paper, one of the cases counted in the incomplete vaccination group 
should have been included in the complete vaccination group. Doing so 
would have reduced the reported effectiveness somewhat. It is not possible 
to calculate the effectiveness after the addition of this case to the complete 
vaccination group since the necessary information is not provided in the 
paper.) 

As part of another effort, the Centers for Disease Control and Preven- 
tion (CDC) collected observational data on the occurrence of anthrax in 
industrial settings like textile mills between 1962 and 1974 (FDA, 1985). 
During this period, both the Merck vaccine and AVA, produced by the 
Michigan Department of Public Health, were used and 27 cases of cutane- 
ous anthrax were identified. No cases occurred in those who had received 
the full course of immunizations. Three cases occurred in persons who 
worked in or near mills but who were not mill employees and who were not 
vaccinated. The remaining 24 cases occurred among mill employees; 3 of 
these had received one or two doses of the vaccine, and the remaining 21 
persons were unvaccinated. Thus, of the 27 cases observed, 2 occurred in 
persons who had received two doses of vaccine, 1 occurred in a person who 
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had received one dose of the vaccine, and the other 24 occurred in persons 
who were completely unvaccinated. 

Finding: The randomized field study carried out by Brachman and 
colleagues (1962) provides solid evidence indicating the efficacy of a 
vaccine similar to AVA against B. anthracis infection. The subsequent 
CDC data are supportive. However, the small number of inhalational 
cases in those studies provides insufficient information to allow a con- 
clusion to be made about the vaccine's efficacy against inhalational 
infection. 

Human Antibody Response to AVA 

Information regarding the ability of AVA to elicit antibodies in human 
vaccinees is available from five studies. 

An indirect hemagglutination assay and an enzyme-linked immuno- 
sorbent assay (ELISA) for antibodies to PA were carried out with serum 
specimens from 190 vaccinees (Johnson-Winegar, 1984). Serum samples 
were obtained 2 weeks after the third immunization in the vaccination 
series. By the indirect hemagglutination assay, 83 percent of vaccinees 
seroconverted (titer of 1:8 or above). Other data indicated that at 2 weeks 
after an annual booster immunization that follows the six-dose regimen, all 
85 vaccinees evaluated had seroconverted. 

Two retrospective serological studies evaluating the effect of the dosing 
interval on the human antibody response (Pittman et al., 2000) served as 
preliminary studies for the larger prospective study described later (Pittman 
et al., 2002). Increasing the interval between the first and second doses of 
vaccine from 2 to 4 weeks resulted in a statistically significant three- to 
fourfold increase in the geometric mean anti-PA immunoglobulin G (IgG) 
antibody titer measured several weeks after the administration of the sec- 
ond dose. 

Data on the human antibody response to AVA were also provided by a 
study of volunteers from Ft. Bragg, North Carolina. Pittman and colleagues 
(Pittman, 2001; Pittman et al., 1997, in press) conducted a study to assess 
the persistence of antibodies against B. anthracis 18 to 24 months after 
initial vaccination during Operations Desert Shield and Desert Storm and 
to assess the safety and immunogenicity of a vaccine booster dose. Study 
participants were recruited from among active-duty personnel at Fort Bragg 
in 1992 and 1994. The study population consisted of 495 male Desert 
Shield or Desert Storm veterans who received one to three primary doses of 
AVA in 1990 or 1991. Serological analyses were performed for a subset of 
participants (20 participants who had received AVA only and 259 partici- 
pants who had received both AVA and pentavalent botulinum toxoid) 
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whose blood had been drawn prior to and 24 to 36 days after receipt of 
booster doses of vaccine. 

Evaluation of anti-PA IgG levels indicated that roughly 2 years after 
their initial vaccinations, the proportion of volunteers (20 to 50 percent) 
with detectable anti-B. anthracis antibodies was low, and among those with 
detectable antibodies, persisting antibody levels were low. After receipt of 
booster doses, all but two volunteers had detectable anti-PA antibody re- 
sponses. The geometric mean titers (ELISA) in those with detectable anti- 
body responses ranged from roughly 4,500 in those who had received only 
one initial dose to 10,000 in those who had received three priming doses. 
Data on reactogenicity are reported in Chapter 6. 

A pilot study carried out at the U.S. Army Medical Research Institute of 
Infectious Diseases examined immune responses to alternative AVA dosing 
schedules and routes of administration (Pittman et al., 2002). In that study, 
173 U.S. military and civilian volunteers (109 men and 64 women) were 
randomized to one of seven groups, defined on the basis of dosing schedule 
and route of administration. Three experimental dosing schedules were 
tested: a single injection on day 0, injections on days 0 and 14, and injec- 
tions on days 0 and 28. For each experimental dosing schedule, two groups 
were established: one group was inoculated subcutaneously and the other 
group was inoculated intramuscularly. A control group was administered 
AVA by the licensed six-dose schedule and subcutaneous administration. 

The anti-PA IgG concentrations measured 2 weeks after the adminis- 
tration of two doses of AVA 4 weeks apart (either intramuscularly or 
subcutaneously) were comparable to those measured 2 weeks after the 
administration of three doses (given subcutaneously) 2 weeks apart (the 
licensed dosing schedule). The distribution of peak anti-PA IgG antibody 
concentration did not differ among those who received two doses (either 
intramuscularly or subcutaneously) 4 weeks apart and those who received 
three doses (subcutaneously) 2 weeks apart. Antibody response rates (>25 
micrograms per milliliter [ug/ml]) for these groups were 96 to 100 percent 
(the reasons for the insensitivity of the ELISA described in that study were 
unclear to the committee). Similar results were obtained by a toxin neutral- 
ization antibody (TNA) assay. A single dose of AVA was not sufficient to 
elicit peak anti-PA antibody concentrations or seroconversion rates compa- 
rable to those achieved by the licensed dosing schedule. 

These findings indicate that AVA administered by its licensed dosing 
schedule as well as by schedules that omit the dose administered at 2 weeks 
generates substantial antibody responses (at least 25 ug/ml) in 96 to 100 
percent of recipients. CDC plans to conduct a larger randomized, con- 
trolled, multicenter trial to test the immunogenicity of AVA using a reduced 
number of doses administered intramuscularly. 

The data presented above regarding the antibody responses generated 
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by AVA in humans will be useful when future studies (passive protection 
studies, discussed later in this chapter) determine a likely protective level of 
anti-PA antibody on the basis of the results obtained from animal studies. 

Efficacy Data from Animal Models 

Extrapolation of Results from Animal Studies to Humans 

Food and Drug Administration (FDA) regulations spell out the criteria 
required to prove "effectiveness" (meaning efficacy in the context of this 
report) through controlled clinical investigations and field trials.1 How- 
ever, for potentially lethal exposures such as inhalational exposure to an- 
thrax spores, there is a serious problem in meeting these criteria. Field 
studies that rely on natural exposure to disease are not feasible as a means 
of evaluating the efficacy of the anthrax vaccine because inhalational an- 
thrax is very rare, even in areas where anthrax occurs naturally or where it 
is an occupational hazard. Moreover, the particular concern regarding in- 
halational anthrax is exposure to anthrax spores processed for use as bio- 
logical weapons. Controlled trials in which subjects are exposed to poten- 
tially lethal agents such as anthrax spores are simply not ethical. They 
would involve the administration of a potentially lethal substance to healthy 
human volunteers without a proven treatment that could be used if the 
vaccine or some other protective agent being tested failed. 

Recognizing the need to provide for circumstances in which efficacy 
studies with humans cannot be ethically conducted, FDA published a pro- 
posed rule in October 1999 regarding the use of data from animal studies 
(FDA, 1999). In it FDA recommended the evidence needed to demonstrate 
the efficacy of new drugs for use against lethal or permanently disabling 
toxic substances. Although AVA is already a licensed vaccine, noting FDA's 
proposed requirements for the approval of such vaccines in the future can 
be helpful in evaluations of data from animal studies regarding the efficacy 
of AVA.2 At the time this report was completed, the proposed rule for 
using data from animal studies had not yet been finalized. The committee 

^The regulations are described in (a) Review Procedures to Determine that Licensed Bio- 
logical Products Are Safe, Effective, and Not Misbranded Under Prescribed, Recommended, 
or Suggested Conditions of Use (21 C.F.R. § 601.25 [2001]) and (b) FDA Action on Applica- 
tions and Abbreviated Applications: Adequate and Well-Controlled Studies (21 C.F.R. § 
314.126 [2001]). 

2In its proposed rule, FDA proposed that evidence from studies with animals be relied 
upon when controlled trials with humans cannot ethically be carried out. It would do so, 
however, only when "there is a reasonably well-understood pathophysiological mechanism of 
the toxicity of the substance and its prevention or substantial reduction by the product; the 



62 THE ANTHRAX VACCINE: IS IT SAFE? DOES IT WORK? 

hopes that all parties involved continue to work toward finalization of the 
rule as quickly as possible. 

Finding: Because additional clinical trials to test the efficacy of AVA in 
humans are not feasible and challenge trials with volunteers are unethi- 
cal, by necessity animal models represent the only sources of the supple- 
mentary data needed to evaluate AVA's efficacy. 

Choice Among Animal Models of Human Disease 

Animal models inevitably have different strengths and weaknesses in 
representing human disease and immunity. Therefore, different models may 
be appropriate for different applications. Animal models with pathological 
and immunological characteristics similar to those of humans could be 
considered the most appropriate ones for evaluations of vaccine efficacy. 
This is not to say that other animal models might not be appropriate for 
certain screening purposes, but it is important to weigh the data obtained 
with those models accordingly. The sections below review and compare the 
pathological and immunological features of different animal models in rela- 
tion to human anthrax disease and immunity. 

Comparison of Anthrax Pathology in Humans and Animals 

As described in Chapter 2, anthrax is a zoonotic disease (a disease in 
which the same organism infects and causes disease in both humans and 
animals) caused by B. anthracis. B. anthracis most commonly infects graz- 
ing animals, as B. anthracis spores are stable for long periods in soil and 
grazing animals are the most readily available hosts. Humans can also be 
infected, however, generally from contact with the products of infected 
animals such as hides, hair or wool, meat, or by-products. Also, as dis- 
cussed earlier in this report, the same organism produces diseases with 
different clinical manifestations (cutaneous, gastrointestinal, or inhala- 
tional), depending on the site of exposure and infection. 

Pathology of Inhalational Anthrax in Humans As discussed in Chapter 2, 
inhaled anthrax spores are phagocytosed (taken up) by macrophages and 
transported from the lungs to the nearby peribronchial and mediastinal 

effect is independently substantiated in multiple animal species, including species expected to 
react with a response predictive for humans; the animal study endpoint is clearly related to 
the desired benefit in humans, generally the enhancement of survival or prevention of major 
morbidity; and the data or information on the kinetics and pharmacodynamics of the product 
or other relevant data or information, in animals and humans, allows selection of an effective 
dose in humans." 
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lymph nodes (Albrink, 1961; Ross, 1957). The spores germinate in the 
lymph nodes and produce the three toxin components: PA, edema factor 
(EF), and lethal factor (LF). The toxins damage the lymph nodes, with 
subsequent dissemination via the bloodstream to many distant sites. 

Information about the characteristic features of inhalational anthrax 
has primarily been gained from autopsy studies. In 1957, five cases of 
inhalational anthrax occurred at a goat hair-processing mill in New Hamp- 
shire. Four cases were fatal, and three of these were examined by autopsy. 
Pathology findings in the three cases included hemorrhagic edema in the 
mediastinum, hemorrhagic lymph nodes, and pleural effusions (leaking of 
fluid from the lining of the lungs). Two of the three cases demonstrated 
enlarged spleen, and microscopic hemorrhages and inflammation of the 
meninges (the lining of the brain; Albrink et al., 1960; Plotkin et al., 1960). 

In a 1966 case of human inhalational anthrax, the patient also had a 
hemorrhagic edematous mediastinum and mediastinal lymph nodes, as well 
as a pleural effusion. The outer membrane of the brain had microscopic 
hemorrhages and inflammation (LaForce et al., 1969). In a case of anthrax 
described in a weaver in 1978, the patient similarly had pleural effusion, 
hemorrhagic mediastinitis, and leptomeningitis, as well as an enlarged spleen 
(Suffin et al., 1978). 

The 1979 release of anthrax spores from a military facility in the town 
of Sverdlovsk in the former USSR led to 68 deaths (Guillemin, 1999). 
Necropsies were performed and tissue samples and microscopic slides were 
preserved for 42 cases, providing a wealth of additional information dem- 
onstrating the pathological changes in human tissue that occur as a result of 
inhalational exposure to anthrax spores. 

The most striking pathological features in the anthrax cases from 
Sverdlovsk were prominent and consistent lesions of hemorrhagic thoracic 
lymphadenitis and hemorrhagic mediastinitis (Abramova et al., 1993; 
Walker, 2001). These consist of bloody, inflamed lymph nodes in the chest 
and bleeding and inflammation of the tissues in the area between the lungs. 
In addition, disseminated infection was often noted, with bacteremia, men- 
ingitis, and involvement of the submucosa of the gastrointestinal tract, 
particularly the small intestine, stomach, and colon. Another noteworthy 
aspect was edema, particularly in the lungs, mediastinum, pleurae (lining of 
the lung), and brain. The vascular damage that led to the edema was 
thought to be consistent with the effects of the toxins secreted by B. 
anthracis (Abramova et al., 1993; Walker, 2001). 

As noted in Chapter 2, review of the first 10 reported cases of inhala- 
tional anthrax resulting from the bioterrorism release of anthrax spores in 
the autumn of 2001 indicated that all 10 patients had abnormal chest X 
rays (Jernigan et al., 2001). Abnormalities included infiltrates, pleural effu- 
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sion, and mediastinal widening. Mediastinal lymphadenopathy was ob- 
served in seven patients. 

Pathophysiology of Anthrax in Potential Animal Models The pathophysi- 
ology of anthrax infections varies in different animal models, making the 
disease in some species more similar than that in others to the disease in 
humans. Also, the organism characteristics associated with virulence in 
various animal species differ. 

Mice and Rats Mice are considered among the laboratory animals most 
susceptible to infection with B. anthracis. However, inbred mouse strains 
differ in their susceptibilities to lethal infection with different strains of B. 
anthracis. In contrast to humans, the pathophysiology of anthrax in mice 
depends upon the encapsulation of the bacillus rather than the toxins 
(Welkos, 1991). The degree of virulence in the mouse model is correlated 
with the presence of the polyglutamic acid capsule on the bacillus (Welkos, 
1991). In contrast, rats are extremely sensitive to the effects of the toxins 
but are relatively resistant to infection (Young et al., 1946). Thus, neither 
mice nor rats are considered good models of human anthrax. 

Guinea Pigs Guinea pigs are also highly sensitive to anthrax and have been 
used for many years to study the pathogenesis of B. anthracis infection 
(Ross, 1957). The pathological changes observed in guinea pigs after inha- 
lational exposure to B. anthracis are characterized by widespread edema 
and hemorrhage, particularly in the spleen, lungs, and lymph nodes. As 
seen in other animal models, the cellular inflammatory response observed 
after inhalational exposure is limited, consistent with a fulminating septice- 
mia rather than a primary pulmonary infection (Albrink and Goodlow, 
1959; Ross, 1957). 

Rabbits In rabbits the effects observed from inhalational infection with B. 
anthracis are similar to those seen in humans and rhesus monkeys. Substan- 
tial pathological lesions are consistently observed in the spleen, lymph 
nodes, lungs, gastrointestinal tract, and adrenal glands (Zaucha et al., 1998). 
Inflammation, hemorrhage, and edema are frequently observed in the medi- 
astinum and the intrathoracic lymph nodes. Hemorrhage and edema are 
sometimes found in the meninges of the brain, but with less inflammation 
than that seen in humans and rhesus monkeys (Zaucha, 2001). Other dif- 
ferences between rabbits and humans or rhesus monkeys include milder 
mediastinal lesions and a lower incidence of lung lesions. The weaker in- 
flammatory response in rabbits may be the result of the shorter observed 
survival time, limiting development of leukocytic infiltration (Zaucha et al., 
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1998). Primary pneumonic foci were not observed in rabbits, although they 
have been observed in humans, perhaps as the result of preexisting pulmo- 
nary disease. 

Nonhuman Primates 
Chimpanzees. At least one paper describes the effects of experimen- 

tally induced inhalational anthrax in chimpanzees (Albrink and Goodlow, 
1959). Two of the four test animals in that study survived, despite evident 
bacteremia. They were later rechallenged with anthrax spore aerosols (only 
one animal survived rechallenge with a larger dose). The pathological 
changes resembled those observed in guinea pigs, mice, and monkeys, with 
widespread edema and hemorrhage, particularly in the spleen, lungs, and 
lymph nodes. Death appeared to result from fulminating sepsis rather than 
a primary pulmonary infection. 

Rhesus monkeys. Most information about the pathology of inhala- 
tional anthrax in nonhuman primates is gleaned from studies carried out 
with rhesus monkeys (Macaca mulatta; also called macaques). The patho- 
physiology of anthrax in rhesus monkeys is similar to that in humans. 
Several studies have reported on the gross pathological changes observed in 
rhesus monkeys exposed to inhaled aerosolized anthrax spores (Berdjis et 
al., 1962; Fritz et al., 1995; Gleiser et al., 1963). Berdjis and colleagues 
(1962) described their findings from serial postmortem observation of young 
M. mulatta monkeys exposed to low and high doses of inhaled spores. They 
observed edema, hemorrhage, necrosis, and inflammatory infiltrates in the 
lungs, lymph nodes, spleen, and liver. Two autopsy studies of animals that 
died from inhalational exposure to anthrax (Fritz et al., 1995; Gleiser et al., 
1963) had somewhat different findings. Both reported edema, hemorrhage, 
and necrosis of the lymph nodes in the monkeys; but in the first study 
(Gleiser et al., 1963), the affected lymph nodes were predominantly in- 
trathoracic (hilar, mediastinal, and tracheobronchial), whereas in the more 
recent study (Fritz et al., 1995) the mesenteric lymph nodes were more 
commonly involved. Enlargement of the spleen was common in the study 
by Gleiser and colleagues but not in the study by Fritz and colleagues. 
Hemorrhagic meningitis was observed in a third of the animals in the study 
by Gleiser and colleagues and in half of the animals in the study by Fritz 
and colleagues. In addition, Dalldorf and colleagues (1971) described simi- 
lar pathological effects of inhalational anthrax on cynomolgus monkeys 
(Macaca fascicularis), another type of macaque. Dalldorf and colleagues 
observed involvement of the mediastinal lymph nodes in all infected sub- 
jects, which led to edema and hemorrhage and which was accompanied by 
bacteremia. 
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Conclusion 

From what is known and from the information described above, it 
appears that the pathology of anthrax in nonhuman primates such as 
macaques best mimics that seen in humans after inhalational exposure to B. 
anthracis. However, nonhuman primates are available in only limited num- 
bers and are very costly to study. Although guinea pigs and, to some extent, 
rabbits are more susceptible to the disease than monkeys and humans, they 
are much more readily available and therefore may be helpful for use in the 
screening of various interventions. 

Efficacy of AVA Against Anthrax in Animal Models 

Mice 

It is difficult to immunize mice against anthrax. Different strains of 
mice differ dramatically in their susceptibilities to different B. anthracis 
strains and in the protection from challenge afforded by AVA and other 
anthrax vaccines (Welkos and Friedlander, 1988). In fact, the bacterial 
capsule rather than the toxin appears to be the primary virulence factor for 
mice, so that vaccines such as AVA based on the PA aspect of anthrax 
toxins (LF or EF) are of reduced efficacy (Welkos, 1991; Welkos et al., 
1993). Only when PA was combined with a potent adjuvant was protection 
conferred (Welkos et al., 1990). Protection against strains fully virulent in 
the mouse may involve mechanisms in addition to humoral immunity 
(Welkos and Friedlander, 1988). 

Hamsters 

Few data describing the efficacy of AVA in hamsters are available. 
However, Fellows and colleagues (2002) have demonstrated that AVA failed 
to protect Golden Syrian hamsters against parenteral challenge with viru- 
lent B. anthracis spores. 

Guinea Pigs 

Guinea pigs have been used extensively in anthrax vaccine development 
and serve as the standard test system for evaluations of anthrax vaccine 
potency. In the potency test, guinea pigs are immunized parenterally and 
are challenged with 1,000 spores of the Vollum strain administered subcu- 
taneously (FDA, 1973). 

However, guinea pigs are difficult to protect by immunization with 
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human anthrax vaccines. The guinea pig is considered susceptible to spore 
infection but relatively resistant to anthrax toxins (Lincoln et al., 1967). 
Several studies in which guinea pigs were administered anthrax spores 
intramuscularly have indicated that the anti-PA antibodies stimulated by 
AVA are not sufficient to protect guinea pigs from intramuscular challenge 
with all strains of B. anthracis (Fellows et al., 2001; Ivins et al., 1994; Little 
and Knudson, 1986; Turnbull et al., 1986). An intramuscular challenge of 
guinea pigs with 10,000 spores of 33 different strains of B. anthracis showed 
that AVA provided only limited or minimal protection against most of the 
strains (Fellows et al., 2001). Similarly, guinea pigs challenged with anthrax 
spore aerosols were not well protected (survival rate, 20 to 26 percent) by 
AVA (Ivins et al., 1995). In contrast, guinea pigs were protected from 
several challenge strains when they were given live vaccines, although these 
vaccines often induced lower titers of antibodies to PA than cell-free prepa- 
rations did (Little and Knudson, 1986; Turnbull et al., 1986). These data 
suggest that antigens in addition to PA or antibodies to PA epitopes other 
than those elicited by exposure to the human vaccines play a role in guinea 
pig immunity. 

Aluminum hydroxide (used in AVA) appears to drive the helper T cell 
2 humoral response with little or no enhancement of the helper T cell 1 
cellular response. When guinea pigs were administered PA vaccines in con- 
junction with certain adjuvants known to enhance the helper T cell 1- 
mediated immune response as well as the humoral immune response, the 
animals were substantially protected (up to 100 percent) from an intramus- 
cular challenge (Ivins et al., 1992) and an aerosol challenge (Ivins et al., 
1995) with spores of the Ames strain. Augmentation of protection by addi- 
tion of adjuvants was also seen with the PA vaccine produced in the United 
Kingdom (Jones et al., 1996; Turnbull et al., 1988). These findings suggest 
that the relevant epitopes for induction of a protective immune response in 
the guinea pig are present in AVA but that the vaccine may not stimulate 
the full complement of immune mechanisms needed for protection in this 
animal model (Ivins et al., 1994; Turnbull et al., 1988). 

Rabbits 

Studies of immunization of rabbits with AVA have recently shown that 
rabbits may show promise for use in the development of a correlate of 
protection from aerosol challenge with anthrax spores. Rabbits were given 
two doses of various dilutions of AVA and were then challenged with a 
lethal dose (roughly 1 x 107 spores, or 100 times the amount expected to 
kill half of the animals) of spores of the Ames strain of B. anthracis. Sur- 
vival was correlated with the levels of anti-PA IgG and with TNA at the 
time of the peak antibody response and at the time of challenge (Pitt, 2001; 
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Pitt et al., 1999, 2001). These results were confirmed with a second lot of 
AVA (Pitt, 2001; Pitt et al., 2001). Pitt and colleagues (2001) also found 
that two human doses of AVA (0.5 ml) from three different lots of the 
vaccine provided rabbits with substantial protection (survival rates of 90 to 
100 percent) from both subcutaneous and aerosol exposures to the Ames 
strain. In another study, AVA was found to completely protect rabbits from 
four of six anthrax isolates3 of diverse geographical origin found to be 
highly virulent in guinea pigs and protected 90 percent of the animals from 
the other two isolates (Fellows et al., 2001). 

Nonhuman Primates (Macaques) 

Several studies have evaluated the efficacy of AVA against aerosol 
challenge with anthrax spores in rhesus monkeys. In one study, all monkeys 
given two 0.5-ml doses (the same dose licensed for use in humans) of AVA 
intramuscularly survived challenge with spores of the Ames strain (roughly 
1 x 107 to 4 x 107 spores, or 255 to 760 times the amount expected to kill 
half of the animals, respectively) at 8 or 38 weeks after vaccination, whereas 
88 percent survived challenge after 100 weeks (Ivins et al., 1996). In an- 
other study, all 10 monkeys that received two 0.5-ml doses of AVA intra- 
muscularly survived challenge with a lethal dose of spores of the Ames 
strain (899 times the amount expected to kill half of the animals) 3 months 
after immunization (Pitt et al., 1996). In a third study, a single 0.5-ml 
intramuscular dose of AVA protected all 10 monkeys from aerosol chal- 
lenge with spores of the Ames strain (approximately 5 x 106 spores, or 93 
times the amount expected to kill half of the animals) at 6 weeks. Two of 
the animals (20 percent) demonstrated transient bacteremia for 1 day (Ivins 
et al., 1998). A study challenging 10 monkeys each with large doses (400- 
1,000 times the amount expected to kill half of the animals) of two isolates 
virulent in guinea pigs and rabbits found AVA to provide complete protec- 
tion from one isolate and 80 percent protection from the other (Fellows et 
al., 2001). 

Conclusions on the Efficacy of AVA Against Anthrax in Animal Models 

From what is known and described above about the immune protection 
against infection with B. anthracis offered by AVA in humans and animals, 
it appears that AVA is effective in protecting both macaques and rabbits 

3 An isolate is a living bacterium now in culture that has been isolated from a specific 
patient or other source. Other than its source, no other information may be available. A 
number of isolates may belong to a single strain. 
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from inhalational exposure to the strains of anthrax tested. It affords in- 
complete protection in mice and guinea pigs. 

As described earlier, the pathophysiology of anthrax in nonhuman 
primates most resembles that in humans. Among the smaller and more 
available laboratory animals, rabbits most closely resemble nonhuman pri- 
mates in terms of the pathology of anthrax and their response to the an- 
thrax vaccine. The guinea pig does not appear to be a good model because 
its response to the vaccine differs from that of the nonhuman primate. 
Although monkeys are consistently protected from anthrax challenge by a 
vaccine containing PA and alum, the protection of guinea pigs varies with 
the anthrax strain. For certain strains, protection in guinea pigs is enhanced 
by particular adjuvants known to stimulate cell-mediated immunity, al- 
though such adjuvants do not appear to be necessary for the protection of 
primates. 

Finding: The macaque and the rabbit are adequate animal models for 
evaluation of the efficacy of AVA for the prevention of inhalational 
anthrax. 

EFFICACY OF AVA AGAINST ALL KNOWN 
B. ANTHRACIS STRAINS 

A variety of different B. antkracis strains are found in nature world- 
wide (Fellows et al., 2001; Keim et al., 2000), and the tissue samples 
analyzed from victims of the Sverdlovsk outbreak in 1979 that resulted 
from the release of spores from the Soviet biological weapons facility indi- 
cated the presence of several strains of B. anthracis (Grinberg et al., 2001; 
Jackson et al., 1998). It is important to establish whether AVA can afford 
protection against the full range of naturally occurring and engineered B. 
anthracis strains. This section reviews the evidence on the efficacy of AVA 
against all known anthrax strains. 

Auerbach and Wright (1955) showed that rabbits immunized with 
protective antigen precipitated with alum from the Rl-NP mutant of the 
Vollum strain of B. anthracis were protected against subcutaneous injec- 
tions with 33 different virulent strains of B. anthracis. They similarly evalu- 
ated guinea pigs using 10 different challenge strains. The guinea pigs were 
protected from most strains, although they were partially susceptible to 
three of them. 

Little and Knudson (1986) also showed that guinea pigs immunized 
with AVA are protected from many (18 out of 27), although not all, strains. 
Better protection was afforded by the live Sterne vaccine. (Live vaccines are 
not considered sufficiently safe for human use in the United States.) Turnbull 
and colleagues (1986) similarly found better protection from live spore 
vaccines but found AVA to provide very little (17 percent) protection against 
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three strains other than Vollum. Ivins and colleagues (1994) confirmed that 
the level of protection afforded by AVA in guinea pigs differs depending on 
the challenge strain, although, in contrast to TurnbulPs findings, in the 
majority of cases they found that protection was afforded against even the 
more vaccine-resistant strains. Fellows and colleagues (2001) also showed 
that the level of protection afforded by AVA in guinea pigs varied according 
to the B. anthracis isolate. Survival rates after intramuscular challenge with 
the spores of 33 geographically diverse B. anthracis isolates ranged from 6 
to 100 percent. 

The same study, however, established convincingly the efficacy of AVA 
in protecting macaques and rabbits from aerosol challenge with the spores 
of several virulent B. anthracis isolates shown to be lethal in AVA-immu- 
nized guinea pigs. Since macaques and rabbits appear to be the best avail- 
able animal models of inhalational anthrax in humans, as discussed earlier 
in this chapter, the efficacy of AVA in protecting these species from aerosol 
challenge with a variety of virulent isolates is noteworthy. However, the 
relative virulence of strains does not necessarily correlate across species. 
Nonetheless, no AVA-resistant isolates have been demonstrated in nonhu- 
man primates. 

Observational data from human studies also support the efficacy of 
AVA against a variety of strains. The participants in the previously de- 
scribed study by Brachman and colleagues (1962), in which the Merck 
vaccine was effective against B. anthracis infection, were exposed to animal 
products from diverse geographical locations that had presumably been 
contaminated with multiple strains of B. anthracis. Similarly, the vacci- 
nated participants in the CDC observational study were also at risk for 
exposure to a broad spectrum of B. anthracis strains. In neither instance, 
however, were the exposure strains evaluated. 

A 1997 study published by Pomerantsev and colleagues proposed that 
novel strains of anthrax might be bioengineered to evade protection from 
current anthrax vaccines. However, the committee found serious flaws in 
the study. For example, the investigators provided no information regard- 
ing the levels of anti-PA antibody achieved following immunization. Ham- 
sters were used as the challenge model, but little is known about them as an 
animal model. In addition, the engineered strains of B. anthracis used were 
poorly characterized genetically (i.e., it is not known how many copies of 
the cereolysin gene were inserted, where they were located in the genome, 
and whether polar effects were possible), which makes it difficult to inter- 
pret the results of the study. Recent news reports describe efforts of U.S. 
scientists to obtain samples of the strain described by Pomerantsev and 
colleagues (1997) and possible plans on the part of U.S. scientists to engi- 
neer a similar strain (Loeb, 2001). These efforts reflect concerns that AVA 
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could be defeated by such engineered strains. For the reasons elaborated 
below, the committee believes that AVA should be effective against natural 
and plausible engineered strains of B. antbracis. 

AVA is primarily a PA-based vaccine. The efficacy of AVA against a 
broad spectrum of B. anthracis strains is consistent with the critical role of 
PA in the pathogenesis of anthrax (Bhatnagar and Batra, 2001; Cataldi et 
al., 1990; Smith and Keppie, 1954). As described in Chapter 2, PA is 
necessary for the anthrax toxins to enter cells and cause damage. As shown 
in Figure 2-4, PA binds to a special cellular receptor and is activated to form 
heptamers at the cell surface. The heptamers bind to toxin proteins (EF and 
LF), and the resulting complexes are brought into an acidic compartment in 
the cell. In this acidic environment the PA heptamer inserts into the mem- 
brane and mediates the translocation of EF and LF into the cytosol, where 
the toxins do their damage. Therefore, for the anthrax toxins to create 
injury in the body, PA must be competent to carry out multiple complicated 
tasks: it must bind to its receptor, form a heptamer, and bring EF and LF 
into the cell. However, there is evidence that the ability of PA to perform 
these complex tasks is not robust. The quaternary structure of PA (see 
Petosa et al. [1997] for the crystallographic structure) is complex, requiring 
assembly of a heptamer, as noted above. Sellman and colleagues (2001; see 
also Mogridge et al. [2001]) have shown that the presence of even a few 
mutant subunits within a heptamer deactivates the ability of the heptamer 
to function. A deactivated heptamer likely would not be able to deliver EF 
and LF to the cytosol. The committee considers it highly unlikely that a 
mutant PA could be constructed at this time that would retain its function 
in these multiple steps yet escape protective antibodies directed against the 
wild-type PA, such as those generated by AVA. 

Further evidence that it is difficult for changed versions of PA to func- 
tion is found in the degree to which it has been conserved in nature. Recent 
research has established that the B. antbracis genome is highly conserved 
among strains isolated across a wide geographical area (Jackson, 2001; 
Keim et al., 1997). Furthermore, data presented at the 2001 International 
Anthrax Meeting show that PA is also very highly conserved (Jackson, 
2001; Price et al., 1999). Because PA is critical to virulence and because its 
structure is so highly conserved, it appears likely that changing its structure 
would alter and thus eliminate its toxic action. 

Finding: It is unlikely that either naturally occurring or anthrax strains 
with bioengineered protective antigen could both evade AVA and cause 
the toxicity associated with anthrax. 
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CORRELATION OF PROTECTION: 
ANIMAL MODELS AND HUMAN IMMUNITY 

Establishing Animal Model Correlates of Anthrax Vaccine Efficacy 

Reuveny and colleagues (2001) recently published findings from stud- 
ies with guinea pigs evaluating anti-PA antibody and TNA as correlates of 
protection from B. antbracis. Guinea pigs were immunized with single 
injections of various dilutions of PA vaccine or with PA vaccine inactivated 
to various extents by heat and were then challenged with an intradermal 
injection of Vollum strain B. antbracis spores. An additional study used 
passive immunization of the guinea pigs with various amounts of hyper- 
immune sera before challenge. The investigators reported associations be- 
tween percent survival of the guinea pigs and both anti-PA IgG antibody 
titers and TNA titers. However, the TNA titers appeared to be a better 
correlate of protection in this model system, whereas the anti-PA IgG anti- 
body titers determined by ELISA had a limited value in predicting protec- 
tive immunity. The passive transfer studies showed similar results, and the 
fact that hyperimmune sera could protect the animals indicates that a hu- 
moral response alone may be sufficient to confer protection. 

It must be noted that immunity to B. antbracis is complex. While anti- 
PA antibodies have been shown to be necessary and sufficient for protec- 
tion in the studies reviewed below, other studies, while confirming the 
central role of anti-PA antibodies, suggest that other antigens may also 
contribute to the ability to confer protection from the disease in some 
animal models (Brossier et al., 2002; Cohen et al., 2000; Pezard et al., 
1995). Indeed several studies indicate difficulty in establishing a direct 
correlation between PA-specific antibody titers and protection (Ivins et al., 
1990, 1995; Turnbull, 1991; Turnbull et al., 1986, 1988) whereas others 
have succeeded (see Reuveny et al. [2001] discussed above and Barnard and 
Friedlander [1999] discussed below). 

Efficacy studies have indicated that PA must be present in a cell-free 
anthrax vaccine or produced by a live vaccine to achieve protection (Ivins et 
al., 1986, 1992, 1998). Little and colleagues (1997) showed by passive 
transfer between guinea pigs that the serum of animals immunized against 
PA was protective for naive recipients (but that anti-EF and anti-LF anti- 
bodies were not). McBride and colleagues (1998) showed that recombinant 
PA administered with an appropriate adjuvant would protect guinea pigs 
from aerosol challenge. Barnard and Friedlander (1999) demonstrated that 
the protective efficacy of recombinant PA vaccines correlated with the anti- 
PA antibody titers they elicited in vivo and the level of PA they produced in 
vitro. Beedham and colleagues (2001) showed that several susceptible strains 
of mice could be protected from challenge by immunization with recombi- 
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nant PA with adjuvant. Furthermore, their study indicated that protection 
resulted from circulating antibody, as passively transferred lymphocytes 
were not protective. 

As described earlier, Pitt and colleagues (2001) reported serological 
correlates of immunity against inhalational anthrax in rabbits. The animals 
were immunized with AVA, and the levels of antibody to PA and TNA 
associated with protection were quantified. The levels of either antibody at 
6 and 10 weeks after immunization proved to be predictive of survival. 

Efforts have been made to evaluate the relationship between levels of 
anti-PA antibody and protection from B. antbracis challenge in nonhuman 
primates. A study by Ivins and colleagues (1998) indicated that rhesus 
monkeys have a strong immune response to PA, as evidenced by high titers 
of antibody to PA and high TNA titers. A single dose of AVA protected the 
monkeys from aerosol challenge with anthrax spores (roughly 5 x 106 

spores). The high level of protection provided made it difficult to correlate 
anti-PA IgG antibody titers or other measures with levels of protection. 
Fellows and colleagues (2001) showed that rhesus monkeys had strong 
anti-PA antibody responses to two doses of 0.5 ml of AVA and were pro- 
tected (80 to 100 percent survival) from aerosol challenge with spores from 
two virulent isolates. 

Finding: The available data indicate that immunity to anthrax is asso- 
ciated with the presence of antibody to protective antigen. 

The information reviewed by the committee shows that humans and 
certain laboratory animals both manifest the same disease after infection 
with B. anthracis and that both are protected by immunization with AVA, 
which elicits the production of antibodies to PA. This information estab- 
lishes a qualitative correlation between antibodies to PA and protection in 
animal models and in humans. To move forward with research on the 
current anthrax vaccine or any new vaccines, however, a quantitative corre- 
lation of the protective levels of antibodies in animals with the antibody 
titers obtained after full immunization in humans is needed. Those corre- 
lates in animal models can then be used to test new vaccines for efficacy 
with confidence that the data from animal studies will be predictive of the 
clinical results obtained with immunized humans. 

Correlating the protective level of antibody can, in principle, be accom- 
plished either by active immunization or by passive immunization. In the 
first instance, animals would be vaccinated with various doses of vaccine 
and their antibody levels would be measured. They would then be chal- 
lenged to determine the level of circulating antibody at which protection 
would no longer be reliable. 

For passive immunization studies, it is necessary to immunize animals 
of the model species, collect the serum of the immunized animals, and 
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administer different concentrations of that antibody-containing serum to 
naive animal hosts. The latter procedure provides passive immunity to the 
hosts. The hosts must then be challenged with aerosolized B. anthracis 
spores to determine which animals survive during the period of observation 
and hence what concentration of antibody must be present to protect the 
host. The period of observation of the animals will need to be limited (on 
the order of 2 weeks after challenge), in keeping with the half-life of immu- 
noglobulin. It would be useful to determine a correlation between the in- 
oculum size (the number of spores) and the antibody level associated with 
protection. An inoculum size sufficient to simulate or exceed the quantity of 
spores likely to be encountered during exposure must be established. 

After the intraspecies passive transfer assay in animal models, the next 
step extends to the human vaccinee. Here, appropriate laboratory animals 
would receive different concentrations of antibody-containing serum from 
humans vaccinated with anthrax vaccine. Again, the passively immunized 
animals would be challenged with aerosolized spores of an appropriate 
inoculum size to determine the extent of survival. 

In the case of immunity to anthrax, the concentration of antibody to 
PA is of particular interest because PA is necessary for the virulence of the 
different strains in both humans and animal models. A similar strategy 
might be applied by using toxin neutralization. The TNA assay is a func- 
tional test that evaluates the amount of antibody needed to inactivate the 
lethal B. anthracis toxin complex of LF and PA (together, lethal toxin). The 
ability of test serum samples to neutralize lethal toxin in vitro is compared 
with that of a standard serum sample by using cytotoxicity as the endpoint 
of the assay (Pittman et al., 2002). Antibodies to either protein might be 
expected to neutralize cytotoxicity, but the assay is principally used to 
quantify antibody to PA. 

Once quantitative correlates (the amount of antibody or toxin neutral- 
ization activity necessary for full protection from B. anthracis challenge) 
are established, a new vaccine could be administered to naive animals over 
a range of concentrations to determine the dose required to obtain a level of 
antibody known to be protective. Finally, the investigational product could 
be administered to healthy human volunteers to determine its ability to 
stimulate production of comparable quantities of antibody and thereby 
choose the appropriate dose regimen required for protection. Furthermore, 
the resulting human antibody would be collected and the serum would be 
administered to additional naive laboratory animals to confirm transferable 
passive immunity by showing that the antibodies produced would protect 
the host animal. 

The data from studies with animals already developed suggest that 
serological correlates of human immunity can be developed in appropriate 
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animal models. The committee commends this work and encourages its 
further development. 

Recommendation: Additional passive protection studies with rabbits 
and monkeys, including the transfer of animal and human sera, are 
urgently needed to quantify the protective levels of antibody in vivo 
against different challenge doses of anthrax spores. 

Recommendation: Additional active protection studies should be con- 
ducted or supported to develop data that describe the relationship 
between immunity and both specific and functional quantitative anti- 
body levels, including studies of 

• the relationship between the vaccine dose and the resulting level 
of antibody in the blood of test animals that protects the animals from 
challenge; 

• the relationship between the level of antibody that protects ani- 
mals from challenge and the level of antibody present in humans vacci- 
nated by the regimen currently recommended for the licensed product; 
and 

• the vaccine dose that results in a level of antibody in the blood of 
human volunteers similar to that in the blood of protected animals. 

Measurements of anti-PA antibody titers will be crucial to the success 
of the research described above. Progress will be hampered if assay results 
are not comparable across laboratories. 

Recommendation: The Department of Defense should support efforts 
to standardize an assay for quantitation of antibody levels that can be 
used across laboratories carrying out research on anthrax vaccines. 

POSTEXPOSURE USE OF ANTHRAX VACCINE 

Evidence that postal workers and congressional staff were exposed to 
aerosolized anthrax spores from anthrax-laden letters sent through the U.S. 
mail in the autumn of 2001 resulted in questions about the efficacy of AVA 
in protecting people from infection when the vaccine is administered after 
exposure to anthrax spores. No data from studies with humans are avail- 
able to evaluate the efficacy of AVA in these circumstances. However, two 
papers provide information from studies with rhesus monkeys. 

Henderson and colleagues (1956) carried out studies in which penicil- 
lin, immune serum, and a PA-based vaccine (a predecessor of AVA) were 
administered after animals had been exposed to aerosolized anthrax spores. 
Their findings suggested that postexposure vaccination together with peni- 
cillin successfully protected animals after challenge with roughly 7.5 x 105 
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spores (15 times the amount expected to kill half of the animals), whereas 
penicillin given alone for 5 or 10 days did not. Postexposure vaccination 
alone was not evaluated. The investigators estimated that 15 to 50 percent 
of the spores were still in the lungs of the animals 42 days after exposure 
and that traces of the spores remained even 100 days after exposure. 

Friedlander and colleagues (1993) carried out similar studies with peni- 
cillin, ciprofloxacin, doxycycline, and AVA. Rhesus monkeys were exposed 
by inhalation to an initial challenge of roughly 4 x 105 spores. Animals 
given vaccine alone were not protected. Animals given antibiotics for 30 
days were well protected during the time of treatment, but after antibiotics 
were discontinued in the group receiving antibiotics alone, 10 to 30 percent 
of the animals succumbed to anthrax. None of the animals treated with 
doxycycline for 30 days plus vaccination died of anthrax. The surviving 
animals treated with antibiotics alone did not have evidence of an antibody 
response to PA, whereas vaccinated animals made antibodies. 

The survivors from the first experiment were rechallenged with roughly 
3 x 106 spores (about 50 times the amount expected to kill half of the 
animals). Only those that had been vaccinated were significantly protected. 

Administration of antibiotics for 30 days after exposure to aerosolized 
spores provided protection (70 to 90 percent survival) after antibiotics were 
discontinued. However, the data also indicated that spores can persist for 
long periods (up to 58 days in one animal). The protection offered by use of 
the combination of vaccination and antibiotics was complete but was not 
statistically different from that offered by the use of antibiotics only. 

Taken together, these limited data suggest that the use of vaccine in 
combination with an appropriate antibiotic for 30 days could provide ex- 
cellent postexposure protection against inhalational anthrax. Although the 
additional benefit from receiving the vaccine after a prolonged period of 
antibiotic use is not proven, reliance on the vaccine alone after exposure is 
clearly insufficient, as some protection is needed during the time required 
for an immune response to develop. Additional studies on the postexposure 
use of AVA with antibiotics are needed. 

Recommendation: The Department of Defense should pursue or sup- 
port additional research with laboratory animals on the efficacy of 
AVA in combination with antibiotics administered following inhala- 
tional exposure to anthrax spores. Studies should focus on establish- 
ment of an appropriate duration for antibiotic prophylaxis after vac- 
cine administration. 

CONCLUSIONS REGARDING EFFICACY 

A vaccine similar to the licensed vaccine, AVA, was shown to be effec- 
tive against cutaneous anthrax in humans in the field trial supporting the 
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original application for licensure of AVA (Brachman et al., 1962). Al- 
though that study had too few cases to evaluate the vaccine's efficacy for 
the prevention of inhalational disease, the five inhalational cases observed 
occurred only among nonvaccinated or placebo recipients, whereas none 
occurred among vaccinated workers. Data from CDC on cases reported 
between 1962 and 1974 also indicated that the vaccine offered protection 
against the cutaneous form of the disease (FDA, 1985). Furthermore, labo- 
ratory experiments indicate that AVA provides effective protection against 
inhalational challenge in rabbits and macaques, the animal models in which 
the disease is most reflective of the disease in humans (Fellows et al., 2001; 
Ivins et al., 1996, 1998; Pitt et al., 2001). 

Again, such efficacy is relative. When macaques were exposed experi- 
mentally to doses of up to about 900 times the amount expected to kill half 
of the animals, 88 to 100 percent of the animals were protected, as de- 
scribed earlier. This can be considered very effective protection. However, 
simulation studies conducted by Canadian researchers suggest that a person 
opening a letter filled with anthrax spores and standing over it for 10 
minutes could inhale up to 3,000 times, and perhaps as much as 9,000 
times, the amount of spores expected to kill half of a group of exposed 
people (Brown, 2001, 2002). Exposures to anthrax spores released in pub- 
lic places or in most military encounters might be expected to be lower. 
Without experimental data from extremely high challenge doses, it is diffi- 
cult to anticipate the potential limits of the vaccine's efficacy. For this 
reason the committee has recommended studies of vaccine protection as a 
function of challenge dose. 

Because PA is critical to the virulence of B. anthracis and because PA's 
structure is so highly conserved, it appears likely that changing its structure 
would alter and thus eliminate its toxic action. Thus, it is unlikely that 
either naturally occurring anthrax strains or strains with bioengineered PA 
could both evade AVA and cause the toxicity associated with anthrax. Data 
from studies with animals suggest that AVA will offer protection against 
strains with PA-based toxicity. Finally, the available data indicate that 
immunity to anthrax is associated with the presence of antibodies to PA, 
such as those stimulated by the anthrax vaccine. 

Finding: The committee finds that the available evidence from studies 
with humans and animals, coupled with reasonable assumptions of 
analogy, shows that AVA as licensed is an effective vaccine for the 
protection of humans against anthrax, including inhalational anthrax, 
caused by any known or plausible engineered strains of B. anthracis. 
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Safety: Introduction 

Vaccines are important tools for the prevention of serious infectious 
diseases. Through vaccination programs, naturally occurring smallpox has 
been eradicated globally and the incidence of other diseases including diph- 
theria, measles, mumps, pertussis, polio, and rubella has declined substan- 
tially in the United States and many other countries. As with any pharma- 
ceutical product or medical procedure, however, the use of vaccines carries 
a risk of adverse health effects that must be weighed against the expected 
health benefit. Expectations for the safety of vaccines are especially high 
because, in contrast to therapeutic agents, which are given when a disease is 
known to be present (or at least suspected), vaccines are usually given to 
healthy people to protect them against a disease that they may not be 
exposed to in the future. 

Until 1990, Anthrax Vaccine Adsorbed (AVA) had been administered 
primarily to a small population of workers—veterinarians, processors of 
animal hair and hides, and laboratory personnel—with a high risk of expo- 
sure to anthrax. Administration of AVA to U.S. military personnel during 
the Gulf War and more recently under the Anthrax Vaccine Immunization 
Program (AVIP) substantially increased the numbers of persons vaccinated 
and produced concerns among some that the vaccine might be responsible 
for serious adverse health effects. 

As with efficacy, it is important to note that safety is relative, not 
absolute. In general, the term safety reflects expectations of relative free- 
dom from, but not necessarily the complete absence of, harmful effects 
when a product is used prudently, considering the condition of the recipient 
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and the health risk the product is directed against.1 No single set of criteria 
defines acceptable limits on the frequency and severity of harmful effects. 
For this report the committee was charged with assessing the safety of AVA 
in terms of the frequency, types, and severities of adverse reactions, includ- 
ing differences in those reactions by sex, and long-term health implications 
of AVA vaccination. 

This chapter reviews the concerns about the safety of AVA that have 
been raised and discusses issues related to the identification of vaccine- 
related adverse events. The types of information examined by the commit- 
tee regarding the safety of AVA are summarized as well. The details of the 
available data and the committee's findings and recommendations regard- 
ing the safety of AVA and further safety monitoring are presented in the 
subsequent two chapters, with Chapter 5 reviewing the findings that have 
emerged from case reports of adverse reactions to AVA and Chapter 6 
reviewing the results of formal epidemiologic studies. 

SAFETY CONCERNS ABOUT THE ANTHRAX VACCINE 

AVA was originally licensed in 1970. A Food and Drug Administration 
(FDA) review completed in 1975 classified AVA as safe and effective and 
found that use of AVA is indicated "only for certain occupational groups 
with a risk of uncontrollable or unavoidable exposure to the organism. It is 
recommended for individuals in industrial settings who come in contact 
with imported animal hides, furs, wool hair (especially goat hair, bristles, 
and bone meal, as well as in laboratory workers involved in ongoing studies 
on the organism" (FDA, 1985, p. 51058). More widespread use of the 
vaccine during the Gulf War and as part of AVtP, however, has resulted in 
new concerns about its possible association with serious acute and chronic 
health problems. Some have proposed that vaccination with AVA could 
have contributed to the chronic multisystem health complaints of some 
Gulf War veterans (GAO, 1999b,c; Nicolson et al., 2000). With the expan- 
sion of mandatory vaccination under AVIP, there have also been concerns 
that the health impact of vaccination with AVA was being missed because 
adverse events were underreported to military health care providers and to 
the Vaccine Adverse Event Reporting System (VAERS), operated by the 
Centers for Disease Control and Prevention and FDA (GAO, 1999d; Rovet, 

1The definition of safety used by FDA is "the relative freedom from harmful effect to 
persons affected, directly or indirectly, by a product when prudently administered, taking into 
consideration the character of the product in relation to the condition of the recipient at the 
time" (21 C.F.R. § 600.3 [1999]). 
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1999). More than 400 members of the military who refused to accept 
vaccination with AVA have left military service voluntarily or involuntarily 
(Weiss, 2001), and mandatory vaccination against anthrax is reported to 
have been an important factor to some Air National Guard and Air Force 
Reserve personnel when making their decision to leave military service or 
move to inactive status (GAO, 2000). 

As described in Chapter 2, the symptoms associated with vaccination 
against anthrax reported by witnesses at congressional hearings and di- 
rectly to this Institute of Medicine (IOM) committee included fever, head- 
ache, malaise, swelling, joint pain, and tinnitus. Several witnesses also re- 
ported conditions that they ascribed to receipt of the anthrax vaccine, 
including hypogonadism; Stevens-Johnson syndrome, which affected their 
vision as well as their skin; and fatal aplastic anemia. 

Recent reports from an IOM committee examining the potential health 
effects of agents to which Gulf War veterans may have been exposed con- 
cluded that receipt of AVA was associated with transient acute local and 
systemic effects (e.g., redness, swelling, and fever) but that the available 
evidence was "inadequate/insufficient" to determine whether any associa- 
tion with long-term adverse health effects exists (IOM, 2000a,b). That 
committee restricted its review, however, to the limited number of pub- 
lished studies. Since those IOM reports were completed, results of new 
Department of Defense (DoD) studies of health effects following vaccina- 
tion with AVA have become available. The present report examines these 
new findings and reviews the older data. 

IDENTIFYING VACCINE-RELATED ADVERSE EVENTS 

An adverse event is an undesirable health outcome that follows a given 
exposure, as to a vaccine, but for which a causal relationship with the 
exposure may or may not have been established. If a causal relationship can 
be determined, adverse events can also be referred to as adverse effects or 
adverse reactions. 

Determining whether receipt of a vaccine has caused a subsequent 
adverse event can be difficult (Chen, 2000; Ellenberg and Chen, 1997; 
IOM, 1997). Several IOM committees have had the task of evaluating 
evidence regarding suspected links between various vaccines and particular 
adverse events (IOM, 1991, 1994a,b, 2000b, 2001). The available data 
indicate that some vaccines are associated with rare but serious adverse 
effects (IOM, 1991,1994a). In other cases, however, the available evidence 
does not support the hypothesized associations between adverse events and 
vaccination (IOM, 1994a, 2001). Several factors involved in assessment of 
whether a vaccine is associated with adverse events are reviewed here. 
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Characterizing Adverse Events 

Adverse events can be characterized in terms of their extent, severity, 
duration, and timing of onset. The extent of adverse events can be either 
local or systemic. Local events, such as redness or soreness, affect a single 
area of the body, typically in the area of the injection. Systemic events, such 
as fever or malaise, have a more generalized effect on the body. The severity 
of adverse events is usually categorized as mild, moderate, or severe, and 
definitions of these categories vary.2 The duration of events can be charac- 
terized as acute or chronic, with acute events having a relatively short 
course and chronic events having a lingering, perhaps permanent, effect on 
health status. Immediate-onset events are ones that have an observed onset 
within minutes, hours, or days following vaccination, whereas later-onset 
events are ones that arise months or years after vaccination. The character- 
ization of events as "short term" and "long term" has been avoided in this 
report because these terms can be confusing; sometimes they refer to the 
duration of the event (standing for "acute" and "chronic," respectively), 
and other times they refer to the timing of onset (standing for "immediate" 
and "later," respectively). 

Active Versus Passive Surveillance 

Surveillance to detect adverse events can be either active or passive. 
Active surveillance requires direct, systematic follow-up of all vaccinated 
individuals to determine the presence or absence of adverse events. Infor- 
mation is usually collected at specified time intervals. Active surveillance is 
used as part of the extensive clinical testing that must be conducted to 
establish the safety and efficacy of a vaccine before it is licensed for use. The 
resource demands of active surveillance generally make it practical only for 
formal research studies. In contrast to the routine checks made by active 
surveillance to ensure complete and uniform reporting, with passive surveil- 
lance one waits for medical personnel or vaccinees to provide reports (Noah, 
1997). Such reports are inherently incomplete, and this is well recognized as 
a major limitation of passive surveillance. 

The information reviewed by the committee regarding the safety of 
vaccination with AVA is derived from both active and passive surveillance. 

2The committee notes that the term serious has a regulatory definition. A serious event is 
one that results in death, a life-threatening adverse experience, or an intervention to prevent 
inevitable development of a life-threatening experience, hospitalization or prolongation of 
hospitalization, or a congenital anomaly or birth defect (Postmarketing Reporting of Adverse 
Drug Experiences. 21 C.F.R. § 314.80 [2000]). Thus, adverse events described as severe 
nonetheless may not be considered serious from a regulatory perspective. 
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A passive spontaneous surveillance system, VAERS, is the principal tool 
used in the United States for the routine monitoring of adverse events that 
may occur following any vaccination. VAERS and the VAERS data related 
to AVA are discussed in Chapter 5. DoD has also used data from formal 
epidemiologic studies, both ad hoc studies and analyses of the data in the 
Defense Medical Surveillance System (DMSS), to look for evidence of an 
association between vaccination with AVA and adverse events. These meth- 
ods and results are discussed in Chapter 6. 

Difficulties in Assessing Vaccine Safety 

Several factors are known to make it difficult to assess the safety of 
vaccines (IOM, 1997, 2000b). 

Small Study Populations 

The number of people who are included in clinical trials conducted 
before vaccine licensure is relatively small compared with the number of 
people who will receive a vaccine once it is in general use. These studies can 
detect frequent reactions that disqualify a product as unsafe or that are 
considered acceptable given the expected benefit and intended use of the 
product. Premarketing studies are too small to reliably detect rare events 
that may be observed only when a vaccine is used by a much larger popula- 
tion. Instead, postmarketing surveillance efforts, such as those that are 
conducted by vaccine manufacturers and through VAERS (see Chapter 5) 
and that include formal epidemiologic studies of the type described in 
Chapter 6, are used to help identify less common adverse events after a 
vaccine is marketed and used by larger numbers of individuals. 

Lack of hong-Term Follow-up 

Prospective vaccine studies are usually designed to monitor subjects for 
only a few weeks or months and so typically provide no evidence regarding 
adverse events that might occur in the future. 

Multiple Exposures 

In vaccine trials it is possible to establish some control over other 
clinical and environmental exposures that a study population may experi- 
ence. Those controls help increase the likelihood that observed events can 
be attributed to the vaccine. For vaccines in routine use, however, vaccinees 
are often exposed to many other factors that might affect their health, 
including other vaccines (administered simultaneously in the same injec- 
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tion, at the same site, or at a distant location), making it difficult to isolate 
any effect of the vaccine in question. 

Lack of Unique Symptoms 

No unique set of symptoms or clinical test results establishes a diagno- 
sis of a vaccine-related adverse event. Many symptoms that follow vaccina- 
tion (e.g., fever and itching) can arise from various sources, and the fact 
that the symptom follows vaccination may be a coincidental rather than a 
causal relationship. 

Means of Data Collection 

As noted above, routine monitoring for adverse events following vacci- 
nation depends primarily on spontaneous reports of cases of adverse events. 
Such reports can signal possible vaccine-related problems but cannot be 
used to determine incidence rates of adverse events. Because such reporting 
is mostly voluntary, the data collected are typically incomplete and unrep- 
resentative of the overall experience of the population of vaccine recipients. 
Reporting can be affected by factors such as the seriousness of the event, the 
time that has elapsed since vaccination, and levels of awareness or suspicion 
of an association between a particular adverse event and vaccination. 

Active surveillance also has limitations for assessment of vaccine safety. 
When conducted by a hands-on approach like ad hoc data collection, active 
surveillance can suffer from multiple potential sources of error in data 
collection, ranging from imbalanced respondent recall to respondent non- 
cooperation. Even when active surveillance is conducted with powerful 
tools like automated linked data systems, described in detail in this report 
because of the unique usefulness of the military's DMSS, the data from such 
systems have important limitations (described in Chapter 6). Furthermore, 
the organization, analysis, and interpretation of the data in such massive 
data sets also pose many challenges, including lack of a current methodol- 
ogy to address the many thousands of possible simultaneous comparisons, 
problems with data quality and validation, and limitations in the nature of 
the medical care and other experiences being captured in the data sets. 

GAINING PERSPECTIVE ON ADVERSE EVENTS 
FOLLOWING VACCINATION 

Studies of the adverse events observed following vaccination with 
the other vaccines routinely administered to adults can provide some per- 
spective on reports of adverse events following vaccination with AVA. The 
committee commissioned a review of published peer-reviewed reports from 
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prospective vaccine studies that included active surveillance of adverse 
events (Treanor, 2001). That review included an examination of data on 
sex differences in reports of adverse events. To identify studies for review, 
Treanor searched the Medline database for English-language reports on 
pertussis, Lyme disease, pneumococcal polysaccharide, meningococcal 
polysaccharide A and C, typhoid fever, influenza, hepatitis A, hepatitis B, 
and rabies vaccines and on diphtheria and tetanus (Td) toxoids, published 
from 1966 through 2000. Treanor also examined unpublished reports from 
a few directly relevant studies. All of the reports reviewed were limited to 
the acute events observed during limited follow-up periods. 

The rates of local and systemic reactions are summarized in Table 4-1. 
As with AVA, local effects observed included injection site pain or arm 
soreness, erythema, swelling, induration, and pruritis. For some vaccines, 
such local effects were common. For example, erythema or swelling was 
reported by 22 to 35 percent of recipients of Td toxoids (Halperin et al., 
2000a; Macko and Powell, 1985; Middaugh, 1979; Van der Wielen et al, 
2000) and by 11 to 21 percent of recipients of influenza vaccine (al-Mazrou 
et al., 1991; Banzhoff et al., 2000; Halperin et al., 1998; Scheifele et al., 
1990). Local pain of any degree was reported by 50 percent or more of 
recipients of acellular pertussis vaccine (Englund et al., 1992; Halperin et 
al., 2000a,b; Keitel et al., 1999; Van der Wielen et al., 2000), Td toxoids 
(Halperin et al., 2000b; Macko and Powell, 1985; Van der Wielen et al., 
2000), influenza vaccine (al-Mazrou, 1991; Aoki et al., 1993; Jackson et 
al., 1999; Nichol et al., 1996; Scheifele et al., 1990), Lyme disease vaccine 
(Keller et al., 1994), and meningococcal polysaccharide vaccine (Diez- 
Domingo et al., 1998). In other studies, however, pain was reported by less 
than 20 percent of recipients of recombinant hepatitis B vaccine (Rustgi et 
al., 1995; Schiffet al., 1995; Tron et al., 1989) and rabies vaccine (Ander- 
son et al., 1980). Rates of moderate to severe pain were low. 

Reported systemic reactions included fever, malaise, fatigue, and joint 
pain. Such reactions affected less than 35 percent of vaccine recipients, with 
the highest rates observed in studies of influenza vaccine (al-Mazrou et al., 
1991; Nichol et al., 1996). Rates of moderate to severe systemic reactions 
were generally less than 5 percent. Reports of fever ranged from none in 
studies of acellular pertussis vaccine recipients (Halperin et al., 2000b) and 
hepatitis A vaccine recipients (Czeschinski et al., 2000; Westblom et al., 
1994) to 18 percent in studies of rabies vaccine recipients (Chutivongse et 
al., 1995); in most studies, fever was observed in less than 10 percent of 
vaccine recipients. 

Sex differences in reactions to AVA vaccination are a source of con- 
cern, but data from studies of other vaccines are limited because most have 
not reported separate results for men and women. When such data are 
available, they generally show higher rates of local pain for women. For 
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TABLE 4-1 Local and Systemic Event Rates Reported in Selected 
Prospective Vaccine Trials 

Percent ol 

Sys 

Vaccine Reference 
Number 
of Subjects 

Acellular pertussis        Van der Wielen et al., 2000 96 
Halperin et al., 2000a 126 
Halperin et al., 2000b 149 

Hepatitis A                    Scheifele and Bjornson, 1993 64 
Westblom et al., 1994 186 
Hoke et al., 1995 91 
Czeschinski et al, 2000 75 

Hepatitis B                   Halliday et al., 1990 594 
Schiff et al., 1995 382 
Czeschinski et al., 2000 75 

Fever 

4 
0 
7 

3 
0 
3 
0 

1 
0.3 
4 

Any» 

27 
17 
29 

16 
22 

4 
14 

10 

Influenza 

Rabies 

Tetanus-diphtheria 

Schiefele et al., 1990 266 
al-Mazrou et al., 1991 330 
Aoki et al., 1993 76 
Nichol et al., 1996 418 
Banzhoff et al., 2000 61 
Banzhoff et al., 2000 61 
Halperin et al., 1998 

Anderson et al., 1980 234 
Chutivongse et al., 1995 202 
Jaiiaroensup et al., 1998 599 
Fritzeil et al., 1992 46 

Middaugh, 1979 697 
Macko and Powell, 1985 100 
Van der Wielen et al., 2000 98 
Halperin et al., 2000a 126 

13 
9 
2 
6 
2 
1 
1 

7 
9 
0.8 

«Systemic side effects include malaise, fatigue, and decreased energy, but headache was not 
included. 

*In studies in which the category "any" was not reported, the rate of the most frequent 
systemic side effect is used. 

33 
17 
34 
18 
18 
11 

17 
26 



SAFETY: INTRODUCTION 91 

Percent of Subjects Reporting the Following Side Effects Following Vaccination 

Systemic" Erythema or Swelling Pain 

Moderate Moderate Moderate        Any 
Fever Any6 or Severe      Any or Severe Any        or Severe Disability 

4 27 \c 12 lc 72 0C —a 

0 17 8 15 3 51 7 — 
7 29 10 13 10e 77 11 — 

3 16 —              8 — 52 — — 
0 22 —             5 — 47 — — 
3 4 _             4 _ 40 — — 
0 14 0 40 2 41 1 — 

1 _ _ 9 — 16 — — 
0.3 — —             0.5 — 11 — — 
4 10 7 99 3 43 6 — 

13 — — 20 - 86 — - 
9 33—18—24 — 1 
2 17 - - - 61 - - 
6 34 _ _ _ 64 21 6 
2 18 4 21 0 28 2 — 
1 18 4 21 0 28 2 — 
1 11 lc 11 8C 35 3C — 

3 3 — 18 — 14 — — 

2 - —             1 - 20 — - 
_ — — 13 — 52 — — 

_ — — 35 — 43 — — 
7 — — 30 — 75 27 — 
9 17 \c 35 6C 83 0C — 
0.8 26 8 22 11* 85 15 — 

cIn these studies, the descriptor "clinically significant" was used in place of "moderate or 
severe" or "greater than moderate." 

^Not reported. 
«In these studies, local reactions were dichotomized as >10 mm or <10 mm in diameter. 

SOURCE: Treanor (2001). 
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influenza vaccine, for example, rates of arm soreness were 34 percent for 
men and 49 percent for women, but rates of systemic effects were similar 
(Nichol et al., 1996). An analysis of 14 unpublished studies of influenza 
vaccine given to young adults also found that women had significantly 
higher rates of six of seven local effects and of two of five systemic effects 
(Beyer et al., 1996). The pooled odds ratio for any local symptom for men 
compared with that for women was 0.32 (95 percent confidence interval 
[CI] = 0.26 to 0.40), and the pooled odds ratio for any systemic symptom 
was 0.51 (95 percent CI = 0.39 to 0.67). An unpublished comparison based 
on acellular pertussis and hepatitis A vaccines found that for either vaccine 
women had higher rates of local reactions (redness, lumps, and swelling) 
than men and that women and men had similar (and low) rates of systemic 
reactions, including fever, chills, muscle aches, and decreased activity (Ward, 
2001). An unpublished study of higher and lower doses of influenza vaccine 
also found a significantly higher rate of local pain among women who 
received the lower vaccine dose (Treanor, 2001). 

AVA differs from many vaccines in that it is licensed for subcutaneous 
rather than intramuscular administration, but few studies of any vaccine 
have compared the effects following administration of the vaccine by these 
two routes. For the hepatitis B (Yamamoto et al., 1986) and rabies (Selimov 
et al., 1988) vaccines, similar rates of local and systemic effects have been 
observed when the vaccine is administered by either route. For the menin- 
gococcal polysaccharide vaccine, local erythema was more common when 
it was administered by the subcutaneous route (Ruben et al., 2001). Also, a 
study of rabies vaccine found that intradermal administration was associ- 
ated with lower rates of local pain (3 percent) compared with the rates after 
intramuscular administration (19 percent) but higher rates of local pruritis 
(29 versus 3 percent; Jaiiaroensup et al., 1998). Unpublished data from a 
pilot study of an adjuvanted pneumococcal vaccine show higher rates of 
local erythema and induration with subcutaneous administration but higher 
rates of pain on injection with intramuscular administration (Treanor, 
2001). While a number of commonly used and well-tolerated vaccines are 
administered subcutaneously (e.g., inactivated poliovirus, measles-mumps- 
rubella, varicella, and meningococcal vaccines), they differ from AVA in 
that they are not inactivated bacterial vaccines. 

The findings from the studies that were reviewed are subject to limita- 
tions, many of which also apply to studies of AVA. In particular, the 
observed effects are linked to a vaccine because they are observed following 
administration of the vaccine but are not necessarily linked through other 
evidence of causality. In a few studies, comparisons with placebo controls 
help strengthen or weaken the observed association with those effects. For 
example, recipients of influenza vaccine reported substantially higher rates 
of arm soreness (64 percent) compared with recipients of a placebo (24 
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percent), but rates of fever were the same in vaccine and placebo recipients 
(6 percent; Nichol et al., 1996). In addition, because of the small sample 
sizes of most of these studies, the studies could not reliably detect rare 
events. Finally, most vaccine studies are conducted to assess efficacy rather 
than adverse effects. The lack of a standard set of adverse effects to be 
reported and the lack of standard definitions of such effects or of their 
severity can make it difficult to interpret or compare the results and data 
from different reports. 

SOURCES OF INFORMATION REGARDING THE SAFETY OF AVA 

To assess the safety of the anthrax vaccine, the committee examined 
information from individual case reports and from published and unpub- 
lished epidemiologic studies conducted with human populations. Individual 
case reports and case series provide information about illnesses that indi- 
viduals or clinicians suspect may be linked with a specific exposure. Such 
reports can help to generate hypotheses about possible associations but are 
rarely helpful in confirming such associations. The case reports relating to 
AVA come from VAERS (see Chapter 5). The committee also heard per- 
sonal testimony regarding adverse events following vaccination with AVA. 
These statements, some of which concerned cases reported to VAERS, added 
valuable insight into the conditions that some military personnel are expe- 
riencing. 

Epidemiologic studies, which examine relationships between exposures 
(e.g., vaccination) and health outcomes in defined populations, provide a 
stronger basis for assessing causality than case reports. Most of the infor- 
mation reviewed by the committee came from such sources. Data are avail- 
able from two randomized controlled clinical trials (Brachman et al., 1962; 
Pittman et al., 2002) and from several observational studies. Some of the 
observational studies include control groups, which make it possible to 
compare rates of adverse events in those with and without vaccination. The 
studies are mixed in their use of active and passive surveillance for adverse 
events. The key features and findings of each study are presented in Chapter 
6. The committee did not include various studies that have sought to iden- 
tify risk factors for the health problems reported by some Gulf War veter- 
ans. Although some of these studies have suggested an association between 
veterans' health problems and vaccinations (e.g., Cherry et al., 2001; Hotopf 
et al., 2000), they were not designed to study the effects of vaccine expo- 
sure. In addition, the analyses and the interpretation of their results are 
hindered by the veterans' exposure to multiple vaccines, incomplete vacci- 
nation records, and the need to rely on self-reports of vaccine exposure. 

Results from animal and in vitro studies were also considered. How- 
ever, most animal studies of vaccination with AVA do not present informa- 
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tion regarding the presence or absence of reactions. The few studies that do 
comment on reactions (Darlow et al., 1956; IOM, 2000a; Ivins et al., 1998; 
Wright et al., 1954) report no vaccine-related adverse effects. Two labora- 
tory assessments of possible vaccine contaminants are discussed at the end 
of this chapter. However, although animal and laboratory studies can, in 
some instances, elucidate the biological plausibility of a possible association 
between vaccination and an adverse event, they cannot provide direct evi- 
dence of causality in humans. 

AVA contains aluminum hydroxide as an adjuvant. Aluminum has 
been used in vaccines for nearly 70 years in the form of the salts aluminum 
hydroxide, aluminum phosphate, and alum (Malakoff, 2000). Some have 
expressed concerns about the safety of aluminum adjuvants (e.g., Gherardi 
et al., 1998). For its assessment of the safety of AVA, the committee focused 
on data from studies of the complete vaccine product. This approach cap- 
tures the contribution that aluminum might make to any vaccine-related 
adverse health effects associated with AVA, although it does not make it 
possible to attribute any effects to aluminum per se. 

Reviews such as this one are often restricted to reports published in the 
peer-reviewed literature because the peer-review process provides some as- 
surance that a study meets essential standards of quality. The committee 
decided, however, to consider unpublished epidemiologic analyses con- 
ducted by DoD and other researchers, because such studies offered the best 
available and most direct analyses of the possible association between AVA 
and various health outcomes. Many of the manuscripts describing these 
studies were under review or were being prepared for submission to a 
journal at the time they were presented to the committee. Committee mem- 
bers heard presentations from the researchers who conducted these studies 
and had an opportunity to question them about their study methodologies 
and analyses as well as to review draft manuscripts.3 In some cases, the 
researchers conducted additional analyses in response to requests from the 
committee. Thus, sufficient information was available in these instances to 
judge the quality of the research and determine the degree to which results 
should contribute to conclusions about vaccine safety. 

The committee reviewed all safety-related information that was brought 
to its attention and weighed the scientific merits of each element in arriving 
at conclusions regarding the safety of AVA. As indicated above, individual 
case reports and case series are useful for raising concerns or stimulating 
further research but are rarely conclusive in establishing causal associa- 

3Documents and overheads provided to the committee are available to the public through 
the Public Access Records Office, National Academy of Sciences. 
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tions. Controlled epidemiologic studies provide the best evidence for the 
examination of associations of vaccination and subsequent adverse events. 
In evaluations of the studies presented to the committee, additional weight 
was given to those that (1) used active surveillance rather than self-reports 
of postimmunization events; (2) included sufficiently large numbers of sub- 
jects; (3) had clearly specified, objective criteria for the definition of adverse 
events; and (4) had sufficiently long postimmunization follow-up intervals 
to allow identification of later-onset events. Those studies that included a 
suitable unimmunized comparison group or in which evaluators were 
blinded to the subjects' vaccination status were especially useful to the 
committee. 

TESTING FOR VACCINE CONTAMINATION 

Among the concerns that have been raised about the anthrax vaccine is 
that contaminants in the vaccine product are producing adverse health 
outcomes. Laboratory analyses have been conducted to test for the presence 
of two suggested contaminants, mycoplasma and squalene. 

Mycoplasma 

Mycoplasma contamination of the anthrax vaccine has been suggested 
as a possible cause of illness among Gulf War veterans (Nicolson et al., 
2000). Mycoplasmas are a distinctive type of bacteria that lack cell walls 
(Baseman and Tully, 1997). Many mycoplasma species appear to be harm- 
less constituents of the normal human microbial flora, but others are asso- 
ciated with various diseases, including atypical pneumonia, genitourinary 
infections, joint diseases, and opportunistic infections in persons with com- 
promised immune systems. Mycoplasma contamination is considered pos- 
sible in vaccines produced in cell cultures, and FDA requires testing to 
demonstrate the absence of such contamination (Hart et al., 2002). For 
vaccines like AVA that are not derived from cell cultures, contamination is 
considered unlikely. However, to respond to the concerns about AVA, DoD 
commissioned two nonmilitary laboratories to conduct studies with samples 
from five AVA lots. The samples were obtained from eight different DoD 
vaccination clinics. 

Hart and colleagues (2002) have reported on the results of those tests. 
Tests for the presence of live organisms were conducted at the National 
Cancer Institute's Mycoplasma Laboratory, which is located in Frederick, 
Maryland, and operated by Science Applications International Corpora- 
tion. No mycoplasma colonies could be cultivated from the vaccine samples 
tested. In addition, tests of a vaccine sample deliberately inoculated with 
mycoplasma showed no presence of viable organisms after 24 hours. Sepa- 
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rate tests by polymerase chain reaction assay, conducted at Charles River 
Tektagen, a commercial facility, showed no presence of mycoplasma DNA 
in any of the samples. 

Squalene 

Some Gulf War veterans and others have expressed concerns about 
whether squalene might be present in the anthrax vaccine and whether it 
has the potential to cause health effects. Squalene is a hydrocarbon com- 
pound found in many natural sources, including olive oil and the human 
body. In humans it is a precursor in the synthesis of cholesterol and is also 
found in oils of the skin (Kelly, 1999; Final Report, 1982). In the 1970s the 
average dietary intake of squalene was calculated to be 24 milligrams (mg) 
per day in a 2,000-calorie diet (Liu et al., 1976). Among people whose diets 
include more olive oil, squalene consumption can range from 200 to 400 
mg/day (Smith, 2000). Roughly 60 percent of the squalene consumed in the 
diet is absorbed through the gastrointestinal tract; much of what is ab- 
sorbed is converted into cholesterol (Strandberg et al., 1990). 

The IOM Committee on Health Effects Associated with Exposures 
During the Gulf War (IOM, 2000b) examined in detail evidence regarding 
the potential health effects of squalene, including those that might be re- 
lated to its use as a vaccine adjuvant. In the United States, it has been tested 
in animal studies of anthrax vaccine and in human studies of other vaccines 
(GAO, 1999a; Ivins et al., 1995; Ott et al., 1995), but it is not used in any 
human vaccine currently in use in the United States. An influenza vaccine 
with squalene as an adjuvant has been approved and distributed in Europe 
and has not been associated with adverse health events. The prior IOM 
(2000b) review resulted in the conclusion that, in certain animals and under 
selected conditions, squalene has been found to produce arthritis and neu- 
ropathology, but it also resulted in the conclusion that the relevance of 
toxicity findings for animals to humans is uncertain, in part because hu- 
mans absorb squalene differently from animals. The human studies testing 
a squalene-containing adjuvant in other vaccines found only transient acute 
effects. 

DoD sponsored a study by SRI International, a private company, to 
assay AVA and other pharmaceuticals for squalene at the level of parts per 
billion. The study report, dated August 14, 2001, found that 1 lot of over 
30 lots tested contained measurable levels of squalene. Three samples from 
that lot contained squalene at 7, 9, and approximately 1 parts per billion, 
respectively. Use of vaccine from that lot has not been associated with 
elevated rates of adverse events (see the discussion of the Special Immuniza- 
tions Program in Chapter 6). 
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Conclusion 

Because the available data demonstrate the absence of mycoplasma 
contamination and demonstrate that the presence of trace amounts of 
squalene is not associated with an increase in the rates of adverse events 
following vaccination with AVA, the committee concludes that further 
investigation of possible AVA contamination is not warranted at this time. 

REFERENCES 

al-Mazrou A, Scheifele DW, Soong T, Bjornson G. 1991. Comparison of adverse reactions to 
whole-virion and split-virion influenza vaccines in hospital personnel. Canadian Medical 
Association Journal 145(3):213-218. 

Anderson LJ, Winkler WG, Hafkin B, Keenlyside RA, D'Angelo LJ, Deitch MW. 1980. Clini- 
cal experience with a human diploid cell rabies vaccine. JAMA 244(8):781-784. 

Aoki FY, Yassi A, Cheang M, Murdzak C, Hammond GW, Sekla LH, Wright B. 1993. 
Effects of acetaminophen on adverse effects of influenza vaccination in health care work- 
ers. Canadian Medical Association Journal 149(10):1425-1430. 

Banzhoff A, Schwenke C, Febbraro S. 2000. Preservative-free influenza vaccine. Immunology 
Letters 71(2):91-96. 

Baseman JB, Tully JG. 1997. Mycoplasmas: sophisticated, reemerging, and burdened by their 
notoriety. Emerging Infectious Diseases 3(l):21-32. 

Beyer WE, Palache AM, Kerstens R, Masurel N. 1996. Gender differences in local and sys- 
temic reactions to inactivated influenza vaccine, established by a meta-analysis of four- 
teen independent studies. European Journal of Clinical Microbiology and Infectious 
Diseases 15(l):65-70. 

Brachman PS, Gold H, Plotkin S, Fekety FR, Werrin M, Ingraham NR. 1962. Field evaluation 
of a human anthrax vaccine. American Journal of Public Health 52:632-645. 

Chen RT. 2000. Special methodological issues in pharmacoepidemiology studies of vaccine 
safety. In: Strom BL, ed. Pharmacoepidemiology. 3rd ed. West Sussex, England: John 
Wiley & Sons, Ltd. Pp. 707-732. 

Cherry N, Creed F, Silman A, Dunn G, Baxter D, Smedley J, Taylor S, Macfarlane GJ. 2001. 
Health and exposures of United Kingdom Gulf War veterans. Part II. The relation of 
health to exposure. Occupational and Environmental Medicine 58(5):299-306. 

Chutivongse S, Wilde H, Benjavongkulchai M, Chomchey P, Punthawong S. 1995. 
Postexposure rabies vaccination during pregnancy: effect on 202 women and their in- 
fants. Clinical Infectious Diseases 20(4):818-820. 

Czeschinski PA, Binding N, Witting U. 2000. Hepatitis A and hepatitis B vaccinations: immu- 
nogenicity of combined vaccine and of simultaneously or separately applied single vac- 
cines. Vaccine 18(11-12):1074-1080. 

Darlow HM, Beiton FC, Henderson DW. 1956. The use of anthrax antigen to immunize man 
and monkey. Lancet ii(Sept 8):476-479. 

Diez-Domingo J, Albert A, Valdivieso C, Ballester A, Diez LV, Morant A. 1998. Adverse 
events after polysaccharide meningococcal A&C vaccine. Scandinavian Journal of Infec- 
tious Diseases 30(6):636-638. 

Ellenberg SS, Chen RT. 1997. The complicated task of monitoring vaccine safety. Public 
Health Reports 112(l):10-20. 

Englund JA, Glezen WP, Barreto L. 1992. Controlled study of a new five-component acellular 
pertussis vaccine in adults and young children. Journal of Infectious Diseases 166(6): 
1436-1441. 



98 THE ANTHRAX VACCINE: IS IT SAFE? DOES IT WORK? 

FDA (Food and Drug Administration). 1985. Biological products: bacterial vaccines and 
toxoids: implementation of efficacy review. Proposed rule. Federal Register 50(240): 
51002-51117. 

Final Report. 1982. Final report on the safety assessment of squalane and squalene. Journal 
of the American College of Toxicology l(2):37-56. 

Fritzell C, Rollin PE, Touir M, Sureau P, Teulieres L. 1992. Safety and immunogenicity of 
combined rabies and typhoid fever immunization. Vaccine 10(5):299-300. 

GAO (General Accounting Office). 1999a. Gulf War Illnesses: Questions About the Presence 
of Squalene Antibodies in Veterans Can Be Resolved. GAO/NSIAD-99-5. Washington, 
D.C.: GAO. 

GAO. 1999b. Medical Readiness: Safety and Efficacy of the Anthrax Vaccine. GAO/T-NSIAD- 
99-148. Washington, D.C.: GAO. 

GAO. 1999c. Anthrax Vaccine: Safety and Efficacy Issues. GAO/T-NSAID-00-48. Washing- 
ton, D.C.: GAO. 

GAO. 1999d. Medical Readiness: DoD Faces Challenges in Implementing Its Anthrax Vac- 
cine Immunization Program. GAO/NSIAD-00-36. Washington, D.C.: GAO. 

GAO. 2000. Anthrax Vaccine: Preliminary Results ofGAO's Survey of Guard/Reserve Pilots 
and Aircrew Members. GAO-01-92T. Washington, D.C.: GAO. 

Gherardi RK, Coquet M, Cherin P, Authier FJ, Laforet P, Belec L, Figarella-Branger D, 
Mussini JM, Pellissier JF, Fardeau M. 1998. Macrophagic myofasciitis: an emerging 
entity. Groupe d'Etudes et Recherche sur les Maladies Musculaires Acquises et 
Dysimmunitaires (GERMMAD) de l'Association Francaise contre les Myopathies (AFM). 
Lancet 352(9125):347-352. 

Halliday ML, Rankin JG, Bristow NJ, Coates RA, Corey PN, Strickler AC. 1990. A random- 
ized double-blind clinical trial of a mammalian cell-derived recombinant DNA hepatitis 
B vaccine compared with a plasma-derived vaccine. Archives of Internal Medicine 150(6): 
1195-1200. 

Halperin SA, Nestruck AC, Eastwood BJ. 1998. Safety and immunogenicity of a new influ- 
enza vaccine grown in mammalian cell culture. Vaccine 16(13):1331-1335. 

Halperin SA, Smith B, Russell M, Hasselback P, Guasparini R, Skowronski D, Meekison W, 
Parker R, Lavigne P, Barreto L. 2000a. An adult formulation of a five-component acel- 
lular pertussis vaccine combined with diphtheria and tetanus toxoids is safe and immu- 
nogenic in adolescents and adults. Vaccine 18(14):1312-1319. 

Halperin SA, Smith B, Russell M, Scheifele D, Mills E, Hasselback P, Pim C, Meekison W, 
Parker R, Lavigne P, Barreto L. 2000b. Adult formulation of a five component acellular 
pertussis vaccine combined with diphtheria and tetanus toxoids and inactivated poliovi- 
rus vaccine is safe and immunogenic in adolescents and adults. Pediatric Infectious 
Disease Journal 19(4):276-283. 

Hart MK, DelGiudice RA, Korch GW. 2002. Absence of mycoplasma contamination in an- 
thrax vaccine. Emerging Infectious Diseases 8(1):94~96. 

Hoke CH Jr, Egan JE, Sjogren MH, Sanchez J, DeFraites RF, MacArthy PO, Binn LN, Rice 
R, Burke A, Hill J, et al. 1995. Administration of hepatitis A vaccine to a military 
population by needle and jet injector and with hepatitis B vaccine. Journal of Infectious 
Diseases 171(Suppl 1):S53-S60. 

Hotopf M, David A, Hull L, Ismail K, Unwin C, Wessely S. 2000. Role of vaccinations as risk 
factors for ill health in veterans of the Gulf War: cross sectional study. British Medical 
Journal 320(7246):1363-1367. 

IOM (Institute of Medicine). Howson CP, Howe CJ, Fineberg HV, eds. 1991. Adverse Effects 
of Pertussis and Rubella Vaccines. Washington, D.C.: National Academy Press. 



SAFETY: INTRODUCTION 99 

IOM. 1994a. Stratton KR, Howe CJ, Johnston RB Jr, eds. Adverse Events Associated with 
Childhood Vaccines: Evidence Bearing on Causality. Washington, D.C.: National Acad- 
emy Press. 

IOM. 1994b. Stratton KR, Howe CJ, Johnston RB Jr, eds. Research Strategies for Assessing 
Adverse Events Associated with Vaccines: a Workshop Summary. Washington, D.C.: 
National Academy Press. 

IOM. 1997. Vaccine Safety Forum: Summaries of Two Workshops. Washington, D.C.: Na- 
tional Academy Press. 

IOM. 2000a. An Assessment of the Safety of the Anthrax Vaccine: A Letter Report. Washing- 
ton, D.C.: National Academy Press. 

IOM. 2000b. Fulco CE, Liverman CT, Sox HC, eds. Gulf War and Health. Washington, 
D.C.: National Academy Press. 

IOM. 2001. Stratton K, Gable A, Shetty P, McCormick M, eds. Immunization Safety Review: 
Measles-Mumps-Rubella Vaccine and Autism. Washington, D.C.: National Academy 
Press. 

Ivins B, Fellows P, Pitt L, Estep J, Farchaus J, Friedlander A, Gibbs P. 1995. Experimental 
anthrax vaccines: efficacy of adjuvants combined with protective antigen against an 
aerosol Bacillus anthracis spore challenge in guinea pigs. Vaccine 13(18):1779-1784. 

Ivins BE, Pitt ML, Fellows PF, Farchaus JW, Benner GE, Waag DM, Little SF, Anderson GW 
Jr, Gibbs PH, Friedlander AM. 1998. Comparative efficacy of experimental anthrax 
vaccine candidates against inhalation anthrax in rhesus macaques. Vaccine 16(11-12): 
1141-1148. 

Jackson LA, Benson P, Sneller VP, Butler JC, Thompson RS, Chen RT, Lewis LS, Carlone G, 
DeStefano F, Holder P, Lezhava T, Williams WW. 1999. Safety of revaccination with 
pneumococcal polysaccharide vaccine. JAMA 281(3):243-248. 

Jaiiaroensup W, Lang J, Thipkong P, Wimalaratne O, Samranwataya P, Saikasem A, 
Chareonwai S, Yenmuang W, Prakongsri S, Sitprija V, Wilde H. 1998. Safety and effi- 
cacy of purified Vero cell rabies vaccine given intramuscularly and intradermally. (Re- 
sults of a prospective randomized trial). Vaccine 16(16):1559-1562. 

Keitel WA, Muenz LR, Decker MD, Englund JA, Mink CM, Blumberg DA, Edwards KM. 
1999. A randomized clinical trial of acellular pertussis vaccines in healthy adults: dose- 
response comparisons of 5 vaccines and implications for booster immunization. Journal 
of Infectious Diseases 180(2):397-403. 

Keller D, Koster FT, Marks DH, Hosbach P, Erdile LF, Mays JP. 1994. Safety and immuno- 
genicity of a recombinant outer surface protein A Lyme vaccine. JAMA 271(22):1764- 
1768. 

Kelly GS. 1999. Squalene and its potential clinical uses. Alternative Medicine Review 4(1):29- 
36. 

Liu GC, Ahrens EH Jr, Schreibman PH, Crouse JR. 1976. Measurement of squalene in hu- 
man tissues and plasma: validation and application. Journal ofLipid Research 17(1):38- 
45. 

Macko MB, Powell CE. 1985. Comparison of the morbidity of tetanus toxoid boosters with 
tetanus-diphtheria toxoid boosters. Annals of Emergency Medicine 14(l):33-35. 

Malakoff D. 2000. Public health: aluminum is put on trial as a vaccine booster. Science 
288(5470):1323-1324. 

Middaugh JP. 1979. Side effects of diphtheria-tetanus toxoid in adults. American Journal of 
Public Health 69(3):246-249. 

Nichol KL, Margolis KL, Lind A, Murdoch M, McFadden R, Hauge M, Magnan S, Drake M. 
1996. Side effects associated with influenza vaccination in healthy working adults. A 
randomized, placebo-controlled trial. Archives of Internal Medicine 156(14):1546-1550. 



100 THE ANTHRAX VACCINE: IS IT SAFE? DOES IT WORK? 

Nicolson GL, Nass M, Nicolson N. 2000. Anthrax vaccine: controversy over safety and 
efficacy. Antimicrobics and Infectious Disease Newsletter 18:1-6. 

Noah DN. 1997. Microbiology. In: Detels R, Holland WW, McEwen J, Omenn GS, eds. 
Oxford Textbook of Public Health. Vol. 2. The Methods of Public Health. 3rd ed. New 
York, N.Y.: Oxford University Press Inc. Pp. 929-949. 

Ott G, Barchfeld GL, Chernoff D, Radhakrishmnan R, van Hoogevest P, Van Nest G. 1995. 
Design and evaluation of a safe and potent adjuvant for human vaccines. In: Powell MF, 
Newman MJ, Burdman JR, eds. Vaccine Design: The Subunit and Adjuvant Approach. 
New York, N.Y.: Plenum Press. Pp. 227-296. 

Pittman PR, Kim-Ahn G, Pifat DY, Coon K, Gibbs P, Little S, Pace-Templeton J, Myers R, 
Parker GW, Friedlander AM. 2002. Anthrax vaccine: safety and immunogenicity of a 
dose-reduction, route comparison study in humans. Vaccine 20(9-10):1412-1420. 

Rovet RJ, Lieutenant, U.S. Air Force. 1999. Anthrax Vaccine Adverse Event Reporting. State- 
ment at the July 21, 1999, hearing of the Subcommittee on National Security, Veterans 
Affairs and International Relations, Committee on Government Reform, U.S. House of 
Representatives, Washington, D.C. 

Ruben FL, Froeschle JE, Meschievitz C, Chen K, George J, Reeves-Hoche MK, Pietrobon P, 
Bybel M, Livingood WC, Woodhouse L. 2001. Choosing a route of administration for 
quadrivalent meningococcal polysaccharide vaccine: intramuscular versus subcutaneous. 
Clinical Infectious Diseases 32(1):170-172. 

Rustgi VK, Schleupner CJ, Krause DS. 1995. Comparative study of the immunogenicity and 
safety of Engerix-B administered at 0,1, 2, and 12 months and Recombivax HB admin- 
istered at 0, 1, and 6 months in healthy adults. Vaccine 13(17):1665-1668. 

Scheifele DW, Bjornson G, Johnston J. 1990. Evaluation of adverse events after influenza 
vaccination in hospital personnel. Canadian Medical Association Journal 142(2):127- 
130. 

Scheifele DW, Bjornson GJ. 1993. Evaluation of inactivated hepatitis A vaccine in Canadians 
40 years of age or more. Canadian Medical Association Journal 148(4):551-555. 

Schiff GM, Sherwood JR, Zeldis JB, Krause DS. 1995. Comparative study of the immunoge- 
nicity and safety of two doses of recombinant hepatitis B vaccine in healthy adolescents. 
journal of Adolescent Health 16(1):12-17. 

Selimov MA, Toigombaeva VS, Zgurskaya GN, Kulikova LG, Kodkind GK. 1988. Specific 
activity of tissue culture antirabic vaccine Rabivak-Vnukovo-32 with short intramuscu- 
lar vaccination schedule. Acta Virologica 32(3):217-226. 

Smith TJ. 2000. Squalene: potential chemopreventive agent. Expert Opinion on Investiga- 
tional Drugs 9(8):1841-1848. 

Strandberg TE, Tilvis RS, Miettinen TA. 1990. Metabolic variables of cholesterol during 
squalene feeding in humans: comparison with cholestyramine treatment. Journal ofLipid 
Research 31(9):1637-1643. 

Treanor JJ. 2001. Adverse reactions following vaccination of adults. Commissioned paper. 
Committee to Assess the Safety and Efficacy of the Anthrax Vaccine, Institute of Medi- 
cine, Washington, D.C. 

Tron F, Degos F, Brechot C, Courouce AM, Goudeau A, Marie FN, Adamowicz P, Saliou P, 
Laplanche A, Benhamou JP, et al. 1989. Randomized dose range study of a recombinant 
hepatitis B vaccine produced in mammalian cells and containing the S and PreS2 se- 
quences. Journal of Infectious Diseases 160(2):199-204. 

Van der Wielen M, Van Damme P, Joossens E, Francois G, Meurice F, Ramalho A. 2000. A 
randomised controlled trial with a diphtheria-tetanus-acellular pertussis (dTpa) vaccine 
in adults. Vaccine 18(20):2075-2082. 



SAFETY: INTRODUCTION 101 

Ward J. 2001. APERT study: systemic and local reactions. E-mail to Edwards K, Joellenbeck 
L, Institute of Medicine Committee to Assess the Safety and Efficacy of the Anthrax 
Vaccine, Washington, D.C., February 8. 

Weiss R. 2001, September 29. Demand growing for anthrax vaccine: fear of bioterrorism 
attack spurs requests for controversial shot. Washington Post. p. A16. 

Westblom TU, Gudipati S, DeRousse C, Midkiff BR, Belshe RB. 1994. Safety and immunoge- 
nicity of an inactivated hepatitis A vaccine: effect of dose and vaccination schedule. 
Journal of Infectious Diseases 169(5):996-1001. 

Wright GG, Green TW, Kanode RG Jr. 1954. Studies on immunity in anthrax. V. Immuniz- 
ing activity of alum-precipitated protective antigen. Journal of Immunology 73:387- 
391. 

Yamamoto S, Kuroki T, Kurai K, lino S. 1986. Comparison of results for phase I studies with 
recombinant and plasma-derived hepatitis B vaccines, and controlled study comparing 
intramuscular and subcutaneous injections of recombinant hepatitis B vaccine. Journal 
of Infection 13(Suppl A):53-60. 



Safety: Case Reports 

During the course of the committee's deliberations, it heard and re- 
ceived in writing considerable testimony from individuals describing ad- 
verse events that occurred to them or their family members following vacci- 
nation against anthrax. Reports of adverse events have also been featured 
in newspaper reports and congressional testimony. Some of these events 
were quite severe, and the committee sympathizes with the presenters and 
understands their concerns about their illnesses. 

These statements and stories in the media are examples of a broader 
category of information, that is, case reports of adverse events following the 
use of a vaccine. The committee identified two published case reports re- 
lated to Anthrax Vaccine Adsorbed (AVA; Kerrison et al., 2002; Swanson- 
Biearman and Krenzelok, 2001). The most extensive collection of case 
reports of adverse events following vaccination is contained in the Vaccine 
Adverse Event Reporting System (VAERS), and the committee focused its 
attention there. Many of the experiences described to the committee di- 
rectly were also reported to VAERS. This chapter reviews the characteris- 
tics of VAERS and the manner in which VAERS data related to the anthrax 
vaccine are used by responsible agencies. A summary of the VAERS reports 
and the committee's interpretation of this information are also presented. 

VACCINE ADVERSE EVENT REPORTING SYSTEM 

VAERS is a passive surveillance system begun in 1990 as part of the 
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response to the National Childhood Vaccine Injury Act of 1986.1 It is the 
nation's principal system for the collection of reports on adverse events 
following the use of any vaccine licensed in the United States. The system is 
coadministered by two federal agencies, the Centers for Disease Control 
and Prevention (CDC) and the Food and Drug Administration (FDA), which 
previously operated two separate surveillance systems. VAERS objectives 
include the following: (1) detecting previously unrecognized adverse events 
following the use of licensed vaccines; (2) detecting unusual increases in 
previously reported events; (3) detecting preexisting conditions that may 
promote adverse events and contraindicate additional vaccine doses; (4) 
detecting vaccine lots for which unusual numbers and unusual types of 
events are reported; (5) serving as a registry for rare vaccine-related adverse 
events; and (6) providing national data on the numbers of reported adverse 
events by vaccine type and recipient age (Singleton et al., 1999). It is also 
intended to trigger further clinical, epidemiologic, or laboratory studies of 
vaccine safety (Chen, 2000; Mootrey, 2000). 

VAERS Reporting Process 

VAERS receives spontaneous reports of adverse events following vacci- 
nation. From 1990, when VAERS began, through December 2001, VAERS 
received more than 126,000 reports on events associated with vaccines of 
all types (Iskander, 2002). Anyone can submit a report to VAERS, includ- 
ing vaccine recipients or their family members, and more than one report 
can be submitted about the same adverse event. Reporting is encouraged 
for any clinically significant event following vaccination, but health care 
providers are required to report any event listed by the manufacturer as a 
contraindication to the administration of additional doses of the vaccine as 
well as certain other specified events (VAERS, 2001). Most reports are 
submitted by health care providers directly (30 percent) or through the 
vaccine manufacturer (42 percent; Iskander, 2001b). Figure 5-1 illustrates 
the flow of information into and through VAERS. 

Each year, reporting forms along with instructions and a cover letter 
encouraging reporting are mailed to about 200,000 health care providers 
(Iskander, 2001a). The forms are also available on the Internet (http:// 
www.vaers.org/, http://www.fda.gov/cber/vaers/vaers.htm, http://www.cdc. 
gov/nip/). A VAERS report form includes spaces for the reporter to provide 
demographic information about the vaccine recipient and an open-ended 
description of the adverse event(s), treatment, outcome, relevant laboratory 
or diagnostic information, timing of the vaccination and the adverse event, 

National Childhood Vaccine Injury Act of 1986. P. L. No. 99-660 (1986). 
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FIGURE 5-1 VAERS information flowchart. AVEC is unique to the anthrax vac- 
cine. 

vaccine type and lot number, and preexisting conditions. (See Appendix E 
for a copy of the form.) 

Reports can be submitted by mail or fax, or the information can be 
provided over the telephone. Reports are submitted to the VAERS contrac- 
tor, who acknowledges their receipt with a letter to the reporter (Chen et 
al., 1994; Singleton et al., 1999). The contractor assigns a unique identifier 
to each report, assigns codes to the adverse events reported, and enters the 
data into a computer database. Duplicate reports are removed or linked if 
the different reports provide different information (Iskander, 2001a). 

Certain adverse events are classified as serious2: a death, a life-threat- 
ening illness, or an illness that results in a permanent disability, hospitaliza- 
tion, or prolongation of a hospital stay (Singleton et al., 1999). Manufac- 
turers are also required to report "other medically important conditions" 
(Iskander, 2001b). Within 5 days of the receipt of a report of a serious 
event, nurses working for the VAERS contractor initiate follow-up inquir- 
ies to the vaccine recipient or reporter to gather more information, includ- 
ing medical or autopsy records, if they are available (E. Miller, CDC, 

2Postmarketing Reporting of Adverse Drug Experiences. 21 C.F.R. § 314.80 (2000). 
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personal communication, May 24, 2001). As a result of the additional 
information, the medical coding of the event may be changed. 

Review of VAERS Data by FDA and CDC 

Both FDA and CDC regularly review data from VAERS reports for 
patterns in the data that suggest the possibility of previously unrecognized 
adverse events. For regulatory purposes, FDA reviews individual reports to 
assess whether the reported events are adequately reflected in product label- 
ing (FDA, 2001). FDA also reviews all reports of serious adverse events 
soon after receipt by the VAERS contractor and may occasionally investi- 
gate other events as well. All reports of deaths are investigated to determine 
the official cause of death and to obtain any autopsy information. FDA 
staff examine VAERS data to look for unusual or unexpected patterns or 
trends associated with a vaccine or a vaccine lot and meet weekly to discuss 
any newly identified patterns observed. FDA does not attempt to evaluate 
whether the reported events have a causal association with the vaccine in 
question, but the agency is empowered to recall any vaccine or vaccine lot 
found to be associated with an unacceptably high rate of reports of adverse 
events (FDA, 2001). VAERS reports are routinely reviewed carefully after a 
vaccine has been on the market for a few years and data based on experi- 
ence with the vaccine have been collected. The accumulated VAERS reports 
are also summarized and discussed in journal articles. FDA does not have a 
priori thresholds or numbers of reports of a particular adverse event that 
trigger additional follow-up but instead relies on a constellation of data 
including, among other factors, the seriousness of the reports, the similari- 
ties of case descriptions, and the size of the vaccine lot in question. In the 
case of the anthrax vaccine, data on the number of doses administered are 
available from the Department of Defense's (DoD's) Defense Medical Sur- 
veillance System (DMSS) and inform FDA's interpretation of the adverse 
events reports. 

CDC focuses on collective reports and attempts to determine unusual 
epidemiologic trends and associations (FDA, 2001). For each vaccine, ag- 
gregated data from VAERS reports are evaluated weekly for unusual num- 
bers of cases, types of adverse events, or other unexpected features. CDC 
also receives information about cases flagged during FDA's weekly review 
of reports. As at FDA, CDC analysts generally rely on clinical judgment 
rather than specific quantitative thresholds of adverse events to initiate 
additional follow-up. If VAERS reports raise concerns, studies are under- 
taken to develop more definitive information. 
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Limitations of VAERS 

As the only system for the collection of information on adverse events 
reported in association with the use of all U.S. licensed vaccines after they 
are marketed, VAERS is an essential resource for the monitoring of vaccine 
safety. An unexpected increase in the numbers of reports about a product 
or a series of reports of an unexpected or unusual adverse event can cata- 
lyze additional information gathering and investigation. However, VAERS 
also has certain critical limitations (Chen, 2000; Ellenberg and Chen, 1997; 
IOM, 1994a,b). Adverse events that occur soon after a vaccination may be 
reported to VAERS whether or not they are causally related to the vaccina- 
tion. Duplicate reports of the same case may be submitted, and the medical 
information provided may be incorrect or incomplete. The complexity of 
the information that comes into the system (e.g., multiple exposures and 
multiple outcomes) also makes analysis difficult. In addition, VAERS pro- 
vides no information on the incidence of similar events among persons who 
have not been vaccinated. 

Because VAERS is a passive system that relies on spontaneous report- 
ing, adverse events are likely to be underreported to an unknown extent, 
and underreporting may also vary over time and among various kinds of 
adverse events. One analysis found that the "reporting efficiency" of VAERS 
ranged from 68 percent for vaccine-associated poliomyelitis following ad- 
ministration of oral polio vaccine to <1 percent for rash following adminis- 
tration of the measles-mumps-rubella vaccine (Rosenthal and Chen, 1995). 
Moreover, for most vaccines there are no data about the number of doses 
actually administered, although there may be data from other sources on 
the number of doses distributed. As a result of these limitations, it is nearly 
impossible to calculate accurate rates of adverse events from VAERS data. 
A numerator based on the number of reports can be assumed to differ from 
the true number of events, and there are no data on the total number of 
doses administered for the denominator (Mootrey, 2000; Singleton et al., 
1999; Tilson, 1992). 

In the case of AVA, however, DoD has maintained records on vaccine 
doses administered since the start of the Anthrax Vaccine Immunization 
Program (AVIP) in 1998. This information provides a denominator that is 
useful in the interpretation of changes in the frequencies of conditions 
reported to VAERS. In addition, the availability of data from DMSS on 
diagnoses for hospitalizations and outpatient visits (see Chapter 6) gives 
DoD a unique opportunity to evaluate the completeness of reporting to 
VAERS. Adverse events for which medical attention was received can be 
systematically identified within DMSS, and efforts can be made to deter- 
mine whether those events are included in VAERS. 

However, it is important to recognize that increased reporting is not a 
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goal in and of itself. For VAERS, like any other spontaneous reporting 
system, there is no expectation or possibility of complete reporting. This 
inherent characteristic of spontaneous reporting systems must be recog- 
nized to properly interpret the data that they produce. Only in the context 
of an extremely organized health care system, such as that administered by 
DoD, can exposures be truly quantified and outcomes more completely 
reported. Even then, determination of true rates of reactions requires for- 
mal epidemiologic studies that provide complete ascertainment of numera- 
tors and denominators (see Chapter 6). For spontaneous reporting systems, 
then, the goal should be not simply more complete reporting but more 
detailed and insightful reporting, including more clinical data on each case 
and the selective reporting of cases that are novel, serious, or both. Increas- 
ing the numbers of reports of poorly documented events is unlikely to be 
helpful in determining which events are truly vaccine related. 

Finding: The presence or absence of VAERS reports (or other case 
reports) cannot be considered in and of itself to provide adequate evi- 
dence of causal association or its absence. Reports may suggest hypoth- 
eses for further investigation, but it must be borne in mind that many 
different factors beyond the presence of health symptoms can influence 
whether a report is filed. 

DoD AND VAERS 

Because most recipients of the anthrax vaccine are U.S. military person- 
nel, DoD has two roles in connection with VAERS. First, military health 
care providers who administer AVA and other vaccines also prepare and 
submit VAERS reports on adverse events that follow vaccinations. Second, 
DoD has an interest in learning from VAERS data of any signals of possible 
safety concerns. "Signals" are the earliest indication of a possible causal 
relationship between an exposure and a health event. Such signals can come 
from the anecdotal experiences of patients suffering an adverse event fol- 
lowing the exposure or from preliminary analyses of data. A signal does not 
mean that a causal relationship exists, as there may be other explanations 
for the apparent association. Instead, a signal is merely an indication that 
further investigation is needed. For AVA, DoD has also sought a special 
independent mechanism for review of VAERS reports, the Anthrax Vaccine 
Expert Committee (AVEC). 

Submission of VAERS Reports 

DoD, which administers most of the anthrax vaccine used in the United 
States, has a central role in the reporting of any adverse events that occur 
following vaccination. Since 1995, DoD policy has required submission of 
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VAERS reports for any adverse event that results in the loss of time from 
duty of more than 24 hours or any period of hospitalization (Department of 
the Air Force, 1995). This requirement has been reiterated with specific 
emphasis for the anthrax vaccine: 

[A] Form VAERS-1 must be completed and submitted using Service re- 
porting procedures for those events resulting in a hospital admission or 
time lost from duty for greater than 24 hours or for those events suspect- 
ed to have resulted from contamination of a vaccine lot. Further, health ■ 
care providers are encouraged to report other adverse events that in the 
provider's professional judgment appear to be unexpected in nature or 
severity. In addition, the patient or a health care provider may submit a 
Form VAERS-1 directly to the Food and Drug Administration (FDA) for 
any possible adverse event. (Bailey, 1999, p. 1) 

Reports from Navy and Air Force health care providers are to be submitted 
directly to VAERS, whereas reports from Army health care providers are to 
be submitted through a military treatment facility's Pharmacy and Thera- 
peutics Committee, which forwards them to VAERS. Copies of VAERS 
reports must also be submitted to a service's reportable disease officer 
within 7 days of an adverse event. 

Concerns About Reporting to VAERS 

Some service members have expressed concern that they have been 
discouraged from submitting VAERS reports regarding the anthrax vac- 
cine. According to service member testimony to the U.S. Congress as well as 
statements made to this Institute of Medicine (IOM) committee, reporting 
to VAERS has at times "met reluctance" or taken place only after delays 
(U.S. Congress, House of Representatives, Committee on Government Re- 
form, 2000, p. 36; Irelan, 2000; Nietupski, 2001). In at least one Air Force 
squadron there is a perception that seeking care for symptoms of unknown 
origin or filing a VAERS report carries the risk of being labeled as a malin- 
gerer or as depressed or could jeopardize a service member's flight status 
(Tanner, 2001; U.S. Congress, House of Representatives, Committee on 
Government Reform, 2000, p. 39). In a General Accounting Office survey 
of National Guard and Air Force Reserve pilots and aircrew members 
(GAO, 2000), 60 percent of those who reported experiencing reactions that 
they attributed to the anthrax vaccine had not discussed those reactions 
with military health care personnel or their supervisors. In addition, 71 
percent of those surveyed were unaware of VAERS, representing a substan- 
tial opportunity for underreporting. (The level of awareness of VAERS 
among the general public is not known.) Testimony to the committee indi- 
cated that at the start of AVIP at least some military physicians had little 
knowledge of VAERS and VAERS reporting procedures (Buck, 2001). 



SAFETY: CASE REPORTS 109 

In response to such concerns, the acting assistant secretary of defense 
for health affairs requested in October 2000 that the surgeons general of 
the services remind medical personnel of the need for high-quality, 
empathetic medical care for vaccinees and of policies for submission of 
VAERS reports (Clinton, 2000). The surgeon general of the Army's memo- 
randum of October 27, 2000 (Peake, 2000) noted that DoD policy for 
reporting to VAERS (Bailey, 1999; Department of the Air Force, 1995) set 
the minimum requirements for submissions of reports (i.e., if vaccine- 
related reactions result in hospitalization or the loss of time from duty of 
more than 24 hours or if contaminated or dangerous lots are suspected). 
The memorandum also urged submission of reports "for any event that 
may be related to a vaccination. If a patient wants to submit a VAERS 
report, help him or her submit one" (Peake, 2000). Memoranda to Navy 
and Air Force medical personnel provided similar messages, noting that it is 
not the provider's responsibility to determine the causality of the adverse 
event (Carlton, 2000; Surgeon General of the Navy, 2000). 

A potential additional step to facilitate reporting to VAERS was de- 
scribed to the committee in July 2001. Plans were noted to provide new 
guidelines for military health care providers for coding a health event as 
vaccine related. 

Finding: Concerns of service members that reporting to VAERS is some- 
times discouraged within the military setting have been responded to 
appropriately with reminders to physicians that DoD policy requires 
submission of a VAERS report for postvaccination health events that 
result in hospitalization or the loss of time from duty of more than 24 
hours. Additional steps, however, are possible to facilitate reporting to 
VAERS, including improvements in the coding of health care visits that 
are potentially vaccine related. 

Recommendation: DoD should develop and implement a system to 
automate the generation of VAERS reports within the military health 
care system, using codes to identify from automated records those 
health care visits that are potentially vaccine related. Use of these codes 
should generate an automatic filing of a VAERS report that includes 
the specific diagnoses for the clinical event(s) that prompted the health 
care visit. However, the submission of reports to VAERS should not be 
restricted to visits assigned codes that identify them as potentially vac- 
cine related. 

DoD Access to and Use of VAERS Data 

The AVIP Agency, which is part of DoD, monitors VAERS reports 
related to the use of AVA. The Army Medical Surveillance Activity pro- 
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duces weekly summaries from the copies of VAERS reports that DoD health 
care providers submit to the services' disease reporting systems. Monthly 
cross-checks with VAERS managers ensure that the AVIP Agency learns, in 
a redacted manner, of reports sent directly to VAERS without a report 
through military channels (Grabenstein, 2001b). DoD also receives infor- 
mation about VAERS reports through AVEC, a committee of civilian ex- 
perts convened to review VAERS reports related to AVA (see below for a 
further discussion of AVEC). As a liaison member of AVEC, the AVIP 
Agency receives copies of all AVA-related VAERS reports (with identifiers 
removed) and of the additional records sought by AVEC for a substantial 
fraction of cases (Grabenstein, 2001c). In addition, DoD has access to the 
redacted information in the AVEC database. A contractor to the AVIP 
Agency maintains this database and codes and enters data for use by AVEC 
(Grabenstein, 2001c). An AVEC medical reviewer audits the accuracy of 
the data entered. DoD may not disclose information from individual re- 
ports because the data belong to AVEC and because of the restrictions that 
are part of the Privacy Act (Grabenstein, 2001b). 

Anthrax Vaccine Expert Committee 

The Department of Health and Human Services (DHHS) convened 
AVEC in 1998 in response to a request from the Army surgeon general 
(Sever et al., in press). It is a committee of civilian physicians and scientists 
and was formed to provide ongoing independent expert medical review of 
VAERS reports related to anthrax vaccination. DHHS recruited the com- 
mittee members through the Expert Witness Program of the Vaccine Injury 
Compensation Program (http://bhpr.hrsa.gov/vicp/INDEX.HTM). Commit- 
tee members have expertise in neurology, infectious diseases, rheumatol- 
ogy, epidemiology, and statistics, as well as experience and interest in vac- 
cine-related adverse events. The committee includes liaison members from 
DoD's AVIP Agency, FDA's Center for Biologies Evaluation and Research, 
and CDC's National Immunization Program. AVEC has staff support from 
the DHHS National Vaccine Injury Compensation Program. DoD provides 
DHHS with funding to support the activities of the committee, but the 
agreement between the two departments gives DHHS full independence in 
the selection of AVEC members and in all activities of the committee 
(Grabenstein, 2001c; Sever et al., in press). 

AVEC reviews AVA-related VAERS reports individually to assess the 
probability of a causal relationship between the reported adverse event and 
the anthrax vaccine and in aggregate to determine if any patterns are evi- 
dent from the reports. AVEC and its procedures were modeled after the 
Advisory Committee on Causality Assessment (ACCA), an expert advisory 
group convened by the Canadian government in 1994 to review all reports 
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of serious and unusual vaccine-associated adverse events from both active 
and passive monitoring systems in Canada (Collet et al., 2000). Both ACCA 
and AVEC use the criteria of the World Health Organization to assign 
categories of "very likely/certain," "probable," "possible," "unlikely," "un- 
related," or "unclassifiable" to the likelihood of a causal relationship be- 
tween the adverse event and the vaccine (Caserta, 2000; Collet et al., 2000; 
Sever et al., in press). 

The review of individual reports begins when the VAERS contractor 
provides redacted copies of reports to AVEC as they are received. A single 
AVEC member makes a preliminary review and assessment of each case 
using a case assessment form (Appendix F). Additional medical records are 
sought as needed through VAERS to provide more information on the 
adverse event and its resolution or longer-term outcome. At intervals of 3 to 
6 weeks, batches of the reports with preliminary assessments are sent to the 
full committee and a teleconference is held to discuss each case (Weibel, 
2001). On the basis of that discussion, the committee may modify the 
preliminary categorization of a case or decide to seek additional informa- 
tion. Information from the case assessment form, including the conclusions 
of the committee, is entered into an AVEC database (Caserta, 2000). Fur- 
ther evaluation takes place as part of the preparation of manuscripts for 
publication. The causality assessments involve only the medically qualified 
civilian members of AVEC. The nonmedical members, liaison members 
from government agencies, and other support personnel play no role in the 
process (Grabenstein, 2001c; Sever et al., in press). 

The aggregate review is an ongoing process operating in parallel with 
the case reviews. The statistician and epidemiologist on AVEC compile and 
analyze information from the database in an effort to discern any patterns 
that relate to specific symptoms, severity, lot numbers, or other factors. 
They also use information available from DMSS to estimate the number of 
vaccine doses administered during the time period in question. This added 
information provides some ability to look at trends in reporting rates for 
adverse events. AVEC gives additional scrutiny to adverse events that ap- 
pear in 1 percent or more of the reports it receives and particularly to any 
repeated serious and "other medically important" adverse events, taking 
into account the committee's previous classifications of the likelihood of a 
causal association between the particular adverse event and the vaccine. No 
formal protocols have been established to determine the number of reports 
of a given adverse event over a specified period of time that would initiate 
additional action. 

To date, AVEC has not observed a cluster of events that it believed 
warranted concerns about the safety of the vaccine (Sever et al., in press). 
Should information from VAERS reports raise such concerns, AVEC would 
inform the National Vaccine Injury Compensation Program, which would 
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convey the information to DoD and the AVIP Agency. AVEC can also 
provide a public alert through a rapid publication, such as a letter to a 
journal editor. 

REPORTS TO VAERS RELATED TO AVA 

As of November 29, 2001, roughly 2.1 million doses of AVA had been 
administered in the United States since 1990. AVEC has reviewed a total of 
1,623 unique VAERS reports about adverse events following receipt of the 
anthrax vaccine. This section provides summary information about the 
nature of the events reported to VAERS, the conclusions reached by AVEC 
as to the likelihood of a causal association between vaccination with AVA 
and the reported adverse event, allergic reactions reported through VAERS, 
and the IOM committee's conclusions from its own review of the VAERS 
reports concerning serious adverse events (i.e., a death, a life-threatening 
illness, or an illness that results in a permanent disability, hospitalization, 
or prolongation of a hospital stay). 

AVEC Conclusions Regarding Reports to VAERS 

Of the 1,623 VAERS reports reviewed by AVEC as of October 2,2001, 
57 involved hospitalization, 161 involved a loss of time from duty of 24 
hours or more without hospitalization, and the remainder involved neither 
hospitalization nor loss of time from duty for 24 hours or more (AVIP, 
2001). AVEC found that 10 of the 57 hospitalizations were "very likely/ 
certainly" or "probably" caused by receipt of the anthrax vaccine. All 10 
involved allergic inflammation reactions at the injection site. Table 5-1 
presents the diagnoses and AVEC classifications of the other 47 hospitaliza- 
tions reported to VAERS. 

Of the 161 VAERS reports that involved a loss of time from duty of 24 
hours or more without hospitalization, 89 were classified by AVEC as 
"certainly" or "probably" caused by anthrax vaccination. The events in- 
cluded in these 89 reports are listed in Table 5-2. 

Acute Allergic Reactions Following Vaccination with AVA 

DoD reexamined VAERS reports to identify reports of acute allergic 
(anaphylactic) reactions following vaccination with AVA. These were de- 
fined as reactions (1) that had an onset within 2 hours of receipt of AVA 
(usually within minutes) and (2) that involved either airway and cardiovas- 
cular collapse (anaphylactic shock) or less severe anaphylactic symptoms 
such as generalized itching, symptoms of chest tightness with or without 
evidence of hives, and reactions for which epinephrine or antihistamines 
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TABLE 5-1 AVEC Classification of Hospitalizations Reported to VAERS 
(as of October 2, 2001) Following Anthrax Vaccination and Not 
Classified as "Very Likely/Certainly" or "Probably" Caused by Anthrax 
Vaccine Adsorbed 

Number of VAERS Reports 

Diagnosis                                                    Unclassifiable   Unrelated Unlikely Possible 

Abdominal pain 1 
Acute encephalitis 1 
Angioedema 1 
Aplastic anemia 1 
Atrial fibrillation 1 1 
B-cell lymphoma involving central 
nervous system 1 

Bipolar psychiatric disorder 1 1 
Blackout episode 1 
Cardiac arrest 1 
Cardiomyopathy with atrial fibrillation 1 1 
Diabetes mellitus, insulin requiring 1 
Diabetes mellitus, non-insulin requiring 1 
Dysesthesias (Tl and below) 1 
Dyspnea 2 
Endocarditis with perirectal abscess 1 
Fatigue and injection-site inflammation 1 

Febrile illness 1 
Guillain-Barre syndrome 3 2 
Idiopathic thrombocytopenic purpura 1 
Inflammation over olecranon process 1 
Intestinal surgery (appendectomy) 1 
Liver abscess with Escherichia coli 
septicemia 1 

Meningitis, aseptic 1 
Meningitis, viral 1 
Meningitis, unspecified 1 
Multiple sclerosis 1 
Neurological symptoms (facial weakness, 
slurred speech) 1 

Neutropenia, fever 2 
Pemphigus vulgaris 1 
Progressive paralytic neurological disease 1 
Rash 1 

Scleritis, bilateral 1 
Seizure 1 
Syncope 1 
Systemic lupus erythematosus 1 
Toxic epidermal necrolysis syndrome 1 
Viral-like syndrome 2 
Total 15 23 7             2 

SOURCE: AVIP (2001). 
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TABLE 5-2 Adverse Events Reported to VAERS 
(as of October 2, 2001) Involving Loss of Time 
from Duty of 24 Hours or More and Considered 
by AVEC as Certainly or Probably Caused by 
Anthrax Vaccine Adsorbed 

Reported Adverse Event Number of Events 

Injection-site reactions 52 
Various rashes 9 
Acute allergic reactions 9 
Virus-like symptoms 9 
Itching 2 
Gastroenteritis 2 
Muscle aches 2 
Bronchiolitis obliterans 1 
Tingling sensation 1 
Photophobia 1 
Swollen lymph nodes 1 
Total 89 

SOURCE: AVIP (2001). 

were given. As of October 2,2001, no cases of anaphylactic shock had been 
reported to VAERS. There were 16 cases (7.6 per 1 million doses) of less 
severe anaphylactic reactions, all of which resolved without sequelae 
(Grabenstein, 2001a). 

IOM Review of Serious VAERS Reports 

The IOM committee reviewed the extent, nature, and quality of the 
information available in VAERS to inform its analysis of VAERS and 
AVEC. A subcommittee of the IOM committee reviewed all VAERS reports 
related to AVA that were defined as serious under VAERS criteria and that 
had been submitted through October 30,2001—a total of 120 reports. The 
subcommittee also discussed with AVEC its process for causality assess- 
ment. The IOM subcommittee was satisfied with the approach described by 
AVEC and did not replicate the causality assessments for the cases that the 
subcommittee reviewed. 

The subcommittee undertook a qualitative review and discussion of the 
collection of cases reported to VAERS in a search for patterns or sugges- 
tions of similar clinical pictures or possibly related underlying pathophysi- 
ology. For all events or symptoms that appeared in two or more reports of 
serious events, the subcommittee checked the rates of these (or related) 
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diagnoses among those who had and those who had not been immunized 
with AVA in the DoD analyses of DMSS data that had previously been 
presented to the entire committee (see Chapter 6 and Appendix G). No 
confirmatory increases in the rates of these events in the immunized popu- 
lation were found. 

Finding: The committee has reviewed the case materials and the meth- 
ods applied by VAERS and AVEC to evaluate those materials and 
concurs with their conclusions that those materials present no signals 
of previously undescribed serious adverse reactions associated with 
exposure to AVA. 
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Safety: Epidemiologie Studies 

A small body of published reports as well as results from newer studies 
by Department of Defense (DoD) researchers provided data regarding ad- 
verse events following administration of Anthrax Vaccine Adsorbed (AVA). 
The studies examined a variety of outcomes, including local and systemic 
reactions occurring soon after vaccination, hospitalizations and outpatient 
visits, long-term health status, and reproductive outcomes. Since many of 
the studies are as yet unpublished, this report discusses them in detail. They 
are described in this chapter in three general categories: (1) ad hoc studies 
about immediate-onset adverse events, (2) ad hoc studies about later-onset 
adverse events, and (3) record-linkage studies. Studies within each of these 
three categories are described in the following order: (a) randomized con- 
trolled trials, (b) other controlled studies, and (c) uncontrolled studies. A 
few additional studies were known to the committee but were not reviewed. 
The committee could not obtain sufficient documentation for those studies, 
despite efforts to do so, to conduct an appropriate scientific review. 

The synthesis of studies of local and systemic adverse events following 
receipt of AVA is hindered by several factors. First, the studies report on 
different types of adverse events and use different definitions of the events 
and of the severity of those events. For example, some studies include 
pruritis (itching), whereas others do not, and some studies count erythema 
(redness of the skin) only if it exceeds a certain size. Some studies use 
standardized quantitative definitions for an adverse event following inocu- 
lation with AVA, whereas others rely on the recipient's self-reported per- 
ception of a reaction. Second, adverse events are monitored or reported for 

118 
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various periods following inoculation, with some study reports not indicat- 
ing the lengths of such periods. Thus, some adverse event rates apply to the 
first 24 to 48 hours postimmunization, whereas others may apply to the 
period from days to weeks following vaccination. Third, studies differ in 
their methods of ascertaining the presence of adverse events. Some studies 
used active surveillance to identify local and systemic reactions, with all 
recipients monitored on a regular basis at specified intervals. Other studies 
relied on passive surveillance, with vaccine recipients deciding whether an 
adverse event had occurred and whether to report that event. Fourth, the 
anthrax vaccine formulation was not constant across studies, and in some 
studies the anthrax vaccine was administered in combination with other 
vaccines. In addition, studies differed in the number of anthrax vaccine 
doses given. Finally, the adverse event rates reported were sometimes based 
on the number of doses administered and were sometimes based on the 
number of persons vaccinated. It should be noted that the same consider- 
ations affect the evaluation of safety for other vaccines as well.1 The sum- 
mary of findings presented below and in Tables 6-1 to 6-4 (referred to as 
the adverse events tables) should be read with the foregoing considerations 
in mind. 

AD HOC STUDIES 

Studies of Health Effects with Immediate Onset 

Randomized Controlled Trials 

Brachman Study Brachman and colleagues (1962) conducted the only ran- 
domized, placebo-controlled trial of the efficacy of a protective antigen 
anthrax vaccine. Information on events of immediate onset following im- 
munization is presented here; information on the efficacy of the vaccine is 
reported in Chapter 3. The vaccine studied was not AVA but was an earlier 
formulation produced from the Rl-NP strain of anthrax (see Chapter 7 for 
more details). The study was carried out from January 1955 through March 
1959 in four mills in the eastern United States that processed raw imported 
goat hair, which was commonly contaminated with anthrax spores. 

The worker population eligible for the study included 1,249 men and 
women with no history of prior anthrax infection. The numbers of study 

1An international effort is under way to standardize case definitions of many of the adverse 
events that can follow vaccination. The Brighton Collaboration was launched in the autumn 
of 2000 and has now developed several definitions in draft form (http://brighton 
collaboration.org/index.cfm). 
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TABLE 6-1 Ad Hoc Studies of Immediate-Onset Adverse Events 
Following Anthrax Vaccination: Local Events 

Study 

Study 
Population and Data Number of 
Observation Collection Subjects 
Period Method(s) or Doses 

Randomized Controlled Trials 

Field study 
(Brachman et al., 
1962)b 

Placebo 

U.S. goat hair 
mill workers 
(4 mills), 
1955-1959 

Examination at 
24 and 48 hours 
(2 mills) 

1,249 persons 
(4 mills) 

Rates of Local Eve 

Overall Mild    M. 

35% 

3 persons 

Route of 
administration 
pilot study 
(Pittman, 2001b; 
Pittman et al., 
2002)c 

Intramuscular 

Military and Active 
civilian study surveillance 
volunteers, 1998 

173 persons; 
117 with all doses 

118 doses 

Subcutaneous 203 doses 

Subcutaneous    Men 132 doses 

Subcutaneous    Women 71 doses 

Other Controlled Studies 

Double dose 
(Gunzenhauser 
et al., 2001) 

Doubled first 
dosee 

Standard doses" 

ROTC cadets, 
Ft. Lewis, 
summer 2000 

Self-report; 
postvaccination 
survey 

73 cadets 

25 

48 

92%, 72% 

92%, 67% 
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Rates of Local Events" 

Knot, 
Lump, Edema 
or or 

Overall Mild    Moderate   Severe     Redness   Induration      Nodule Swelling Other 

35% + + + 2.8%       Itching, pain, 
warmth, 

3 persons 

tenderness 

6% 2% 

36%        15% 

22.0%     3.0% 

63.4%d   38%d 

0 Tenderness, 
56%; 
warmth, 5% 

38% Tenderness, 
70%; 
warmth, 
16% 

24.2% 2.3% Tenderness, 
63%; itching 
6% 

63A%d 9.9%d Tenderness, 
63%"*; 
itching, 
30%d 

92%, 72% 0, 39% 88%, 84%,       Sore arm, 
44% 50%        92%, 67% 

92%, 67% 0, 19% 42%, 42%,       Sore arm, 
29% 19%        83%, 67% 

Continued 
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TABLE 6-1  Continued 

Study 

Study 
Population and Data Number of 
Observation Collection Subjects 
Period Method(s) or Doses 

Uncontrolled Studies 

Investigational Textile, 
new drug reports laboratory 
(CDC, workers; 
1967-1971/ 1966-1971 

Special 
Immunizations 
Program 
(Pittman et al., 
2001a,b)S 

Men? 

Ft. Detrick 
laboratory 
workers, 
1973-1999 

Passive 
self-report; 
reported adverse 
events assessed 
and recorded by 
occupational 
health clinic 
medical 
personnel 

-7,000 persons 
-16,000 doses 

1,583 persons 
10,722 doses 

1,249 men 
8,797 doses 

Rates of Local Eve 

Overall Mild    M. 

3.6% 

8.4%   0.! 

1.6%   !.•< 

1.2%   0.! 

Women? 334 women 
1,925 doses 

3.5%d 3.1 
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Rates of Local Events" 

Knot, 
Lump, Edema 
or or 

Overall Mild    Moderate   Severe     Redness   Induration      Nodule Swelling Other 

8.4%   0.9% 0.2% 

3 6% 1.6%   1.4% 0.2%       2.5%       2.8% + 0.1%       Tenderness, 
1.7%; 
itching, 
0.8%; lymph 
node 
enlargement, 
0.1% 

1.2%   0.9% 0.1%       1.7%       2.0% + <0.1%     Tenderness, 
1.3%; 
itching, 
0.4%; lymph 
node 
enlargement, 
0.1%; arm 
motion 
limitation, 
0.1% 

3.5%d 3.5%d        0.5%d     63%d     6A%d + 0.3%^     Tenderness, 
3.6%d; 
itching, 
2.4%^; 
lymph node 
enlargement, 
0.4%d; arm 
motion 
limitation, 
0.2% 

Continued 
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TABLE 6-1 Continued 

Study 
Population and Data Number of 
Observation Collection Subjects 

Study Period Method(s) or Doses 

Ft. Bragg Army personnel; Active 495 men 
Booster Study Desert Shield/ surveillance 
(Pittman et al., Desert Storm 
2002) AVA vaccinees 

given booster 
doses of AVA 
alone or with 
PBT, 1992, 
1994 

Recipients of 43 
AVA only? 

AVA arm for 452 
recipients of 
AVA and PBT« 

U.S. Forces Korea Personnel covered Retrospective 2,824 
(CDC, 2000; by Camp Casey self-report 
Hoffman et al., Troop Medical through 
submitted for Clinic, Aug. questionnaire 
publication^ 1998-July 

1999 
Men* 

Rates of 

2,214 

Overall 

31.5- 
39.7%' 

Local Eve 

Mild 

27.9%   4 

16.0%   5 

7.2-       3 
7.7%      4 

Women6 610 59.9- 
67.9%d-' 

11.7-     1 
13.5%<* 1 

Tripler Army 
Medical Center 
(Wasserman, 
2001) 

Military health 
care workers, 
1998-2000 

Self-report 
through 
questionnaire; 
medical record 

601 

Men 416 
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Rates of 

Overall 

Local Events'2 

Knot, 
Lump, Edema 
or or 

Mild       Moderate Severe    Redness   Induration      Nodule Swelling Other 

27.9%    4.7%        0 

16.0%    9.3% 0.7% 

31.5- 
39.7%' 

59.9- 
67.9%d-' 

7.2-       3.9- 0.4- 
7.7%      4.8% 1.1% 

11.7-     10.7-        2.0- 
13.5%d 13.3 %<*    A.l%d 

21.4- 2.5- Pain, 9.6- 
28.9% 3.4% 10.2%; 

itching, 
5.5-7.5% 

49.8- 3.9-        Pain, 15- 
62.4%d      9A%d     18.8%rf; 

itching, 
20.4-37%"" 

15- 
23% ' 

56-65%     7-10%    Itching, 
24-31%; 
pain limiting 
motion, 
5-10%; 
muscle 
soreness, 
50-66% 

Continued 
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TABLE 6-1 Continued 

Study 

Study 
Population and Data Number of 
Observation Collection Subjects 
Period Method(s) or Doses 

Rates of Local Eve 

Overall Mild    M. 

Women 185 

Adjusted odds 2.44 
ratios for (2.04-2.93) 
women versus 
men (95% CI) 

Dover Air Force     9th Airlift Self-report 252 eligible; Reports on 
Base (Tanner, Squadron, through 139 responses systemic 
2001) surveyed Jan. questionnaire events only 

2000 

NOTES:    AVA, Anthrax Vaccine Adsorbed; PBT, pentavalent botulinum toxoid; +, 
reaction reported as present. 

The rates are per dose. 
^Study subjects received only the Merck vaccine and not AVA. 
cData are for doses 1 to 3. 
^Significant difference between men and women (p < .05). 
eData are for doses 1 and 2, respectively. 
^Reaction rates are for doses of AVA and were calculated by the committee from 

data in the CDC reports. Mild reactions are defined as areas of erythema (redness) only 
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Rates of 

Overall 

Local Events" 

Knot, 
Lump, Edema 
or or 

Mild    Moderate  Severe     Redness  Induration      Nodule Swelling Other 

37- 
43% i 

81-93%     8-15% Itching, 
56-68%; 
pain 
limiting 
motion, 
8-17%; 
muscle 
soreness, 
56-80% 

2.44 
(2.04-2.93) 

3.02 
(2.52-3.62)* 

4.48 
(3.55- 
5.65) 

1.41 
(1.08- 
1.84) 

Itching, 4.45 
(3.74-5.31); 
pain limiting 
motion, 1.62 
(1.23-2.12); 
muscle 
soreness, 
1.54 (1.29- 
1.84); muscle 
ache, 1.44 
(1.20-1.72) 

Reports on 
systemic 
events only 

or of measurable edema or induration of <3 cm in diameter. Moderate reactions are 
defined as areas of edema or induration of >3 cm to <12 cm in diameter. Severe 
reactions are defined as any reaction measuring >12 cm in diameter or accompanied by 
marked limitation of arm motion or axiliary node tenderness. 

SMild reactions are areas of erythema (redness) and/or induration (E/I) of < 5 cm in 
diameter, moderate reactions are areas of E/I of 5 to 12 cm, and severe reactions are 
areas of E/I of >12 cm. 

*Data on mild, moderate, and severe events are for areas of redness of <5, 5 to 12, 
and >12 cm in diameter, respectively. 

'Local or systemic effects. 
'Data are for areas of redness of >5 cm in diameter. 
*The outcome measure is the ratio of reports of areas of redness of >5 cm in 

diameter to reports of areas of <5 cm in diameter. 
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TABLE 6-2 Ad Hoc Studies of Immediate-Onset Adverse Events 
Following Anthrax Vaccination: Systemic Events 

Study Overall Muscle Aches 

Randomized Controlled Trials 

Field study (Brachman et al., 1962)b 

Route of administration pilot study 
(Pittman 2001b; Pittman et al., 2002)c 

Intramuscular 

Subcutaneous 

Subcutaneous 
(Men) 

Subcutaneous 
(Women) 

Other Controlled Studies 

Doubled dose (Gunzenhauser 
et al., 2001) 

Doubled first dose^ 

0.2% 

7.0% 

Rates of 

Fever 

4% 1% 

4% 2% 

3.0% 3.0% 

1.4% 

12%, 0% 

Systemic 1 

Headache 

11% 

10% 

9.1% 

11.3% 

0, 11% 

Standard dose'' 8%, 7% 0, 5% 
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ates of Systemic Events'2 

Headache     Malaise Other 
Functional Impact or 
Health Care Use 

2 persons Work loss:  6 days 

% 

% 

.0% 

.4% 

11% 5% 

10% 9% 

9.1% 9.8% 

11.3% 8.5% 

Anorexia, 5%; 
nausea, 4%; itching, 0 

Anorexia, 1%; nausea, 
2%; itching, 2% 

Anorexia, 2.3%; 
nausea, 2.3%; itching, 
2.3% 

Anorexia, 0; nausea, 
2.8%; itching, 2.8% 

2%, 0% 

%, 7% 

0, 11% 

0, 5% 

Tiredness, 0, 22% 

Tiredness, 0, 7% 

Decreased performance 
reported: 17% after second 
dose 
Sought medical care: 1 cadet 
after first dose 
No hospitalizations or 
missed training 

Decreased performance 
reported: 7% after second 
dose 
Sought medical care:  none 
No hospitalizations or 
missed training 

Continued 
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TABLE 6-2 Continued 

Rates of 

Study Overall Muscle Aches Fever 

Uncontrolled Studies 

Investigational New Drug reports 4 persons     + 
(CDC, 1967-1971) 

Special Immunizations Program 1% 0.3% 
(Pittman, 2001a; Pittman et al., 2001a,b) 

Men 0.2% 

0.1% 

<0.1% 

Systemic 1 

Headache 

0.4% 

0.3% 

Women 0.4% 0.2%' 0.7%e 

Ft. Bragg Booster Study (Pittman et al., 
2002) 

Recipients of AVA only 23.3% 2.5% 9.3% 

Recipients of AVA and PBT 31% 2.7% 16.6% 

U.S. Forces Korea (CDC, 2000; 
Hoffman et al., submitted for 
publication) 

Men 0.7-1.0% 

Women 2.1-4.0%e 
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ates of Systemic Events'3 

Headache     Malaise Other 
Functional Impact or 
Health Care Use 

Chills, nausea 

.1% 

3.1% 

.2%e 

0.4% 0.4% 

0.3% 0.3% 

0.7%e 0.6% 

Nausea, 0.1%; chills, 
0.1%; dizziness, 0.1% 
Nausea, 0.1%; chills, 
0.1%; dizziness, 
<0.1%; hives, 0% 

Nausea, 0.2%; chills, 
0.1%; dizziness, 0.3%e; 
hives, 0.2%e 

.5% 

.7% 

9.3% 7.0% 

16.6% 16.8% 

Joint pain, 7%; rash, 
0; anorexia, 0; nausea, 
0; breathing difficulty, 0 

Joint pain, 13.1%; rash, 
17.3%; anorexia, 3.8%; 
nausea, 3.5%; breathing 
difficulty, 0.2% 

.7-1.0% 3.6-6.5% 

.l-4.0%e 8.4-15.4%e 

Chills, 1.2-2.4%; 
other, 0.8-4.4% 

Chills, 3-5.5%c; 
other, 2.7-5.2%« 

Among those reporting any 
local or systemic event:c 

Less active:  2.8-5.7% 
Work limitation:  0.0-0.4% 
Work loss:  0.4-0.7% 
Sought health care: 
0.4-1.7% 
Used medications:  0-0.2% 

Among those reporting any 
local or systemic effect:c 

Less active:  3.1-6.7% 
Work limitation:  0.4-1.9%e 

Work loss:  0.0-1.1% 
Sought health care: 
0.8-2.2% 
Used medications:  0-0.8% 

Continued 
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TABLE 6-2 Continued 

Study 

Tripler Army Medical Center 
(GAO, 1999; CDC, 2000; 
Wasserman, 2001) 

Rates of 

Overall Muscle Aches Fever 

Systemic 1 

Headache 

Men 41% 4% 17% 

Women 45% 9% 32% 

Dover Air Force Base 
(Tanner, 2001)/" 

64% 41.7%« 7.9* 18.7 

NOTES:  AVA, Anthrax Vaccine Adsorbed; PBT, pentavalent botulinum toxoid; +, 
reaction reported as present. 

aThe rates are per dose unless noted otherwise. 
^Study subjects received only the Merck vaccine. 
cData are for doses 1 to 3. 
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ates of 

.9* 

Systemic Events'* 

Headache     Malaise 

17% 

32% 

18.7 

Other 

Joint aches, fatigue 

Joint ache, 16%; 
fatigue, 22% 

Joint ache, 22%; 
fatigue, 36% 

Itching, 15.1%; 
loss of energy, 
41.7%; sleep 
problems, 17.3%; 
nausea/abdominal 
pain, 6.5%; 
short-term memory 
loss, 25.9%; reduced 
concentration, 27.3% 

Functional Impact or 
Health Care Use 

Sought care or time off: 
3-8% (doses 1 to 4) 

No significant differences in 
rates of outpatient care or 
hospitalization for vaccinated 
and unvaccinated 
Work limitation:  2-6% 
(doses 1 to 6) 
Sought health care: 2-5% 
(doses 1 to 3) 

Work limitation:  4-12% 
(doses 1 to 6) 
Sought health care: 4-14% 
(doses 1 to 3) 

Sought treatment:  29.5% 
Missed >1 day of duty: 
17.3% 
Not returned to full duty: 
7.2% 

"Data are for doses 1 and 2, respectively. 
^Significant difference between men and women (p < .05). 
foata are the percentage of respondents not rate per dose. 
SData are for joint or muscle pain. 
^Data are for fever or chills. 
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TABLE 6-3 Ad Hoc Studies of Later-Onset Adverse Events Following 
Anthrax Vaccination 

Study 
Study Population and 
Observation Period 

Any Health Outcome 

Multiple vaccines cohort 
(Peeler et al., 1958)" 

Multiple vaccines cohort 
(Peeler et al., 1965)« 

Multiple vaccines cohort 
(White et al., 1974)" 

Ft. Detrick workers 
receiving multiple doses 
of multiple vaccines, 
1944-1956 

Ft. Detrick workers 
receiving multiple doses 
of multiple vaccines, 
1944-1962 

Ft. Detrick workers 
receiving multiple doses 
of multiple vaccines, 
1944-1971 

Data Collection Method(s) 

Medical history, physical 
exam, retrospective review 
of medical records 

Medical history, physical 
exam, retrospective review 
of medical records 

Medical history, physical 
exam, retrospective review 
of medical records 

Number c 

99 men 

76 men 

77 men (a 
deceased i 
members; 
and gende 
unvaccina 

Reproductive Outcomes 

Pregnancy, births, and 
birth outcomes 
(Wiesen, 2001a; 
Wiesen and Littell, 2001) 

Ft. Stewart, women 
on active service, 
aged 17-44; 
Jan. 1999-March 2000 

Local medical records, 
DEERS records to identify 
births among women 
transferred from Ft. Stewart 

4,092 woi 

aStudy subjects received the Merck vaccine alone or in combination with AVA. 



\. 

SAFETY: EPIDEMIOLOGIC STUDIES 13S 

wing 

:thod(s) Number of Subjects Reported Health Outcomes 

ysical 
review 

99 men No evidence of illness attributable to immunization 

ysical 
review 

76 men Laboratory abnormalities of uncertain origin; no 
evidence of illness attributable to immunization 

ysical 
review 

77 men (alive); 11 
deceased cohort 
members; 26 age- 
and gender-matched 
unvaccinated controls 

Inconsistent laboratory abnormalities; no evidence of 
illness attributable to immunization 

ds, 
dentify 
:n 
. Stewart 

4,092 women Vaccinated versus unvaccinated women odds ratio 
(95% CI): 
Pregnancy:    0.9 (0.7-1.1) 
Birth:    0.8 (0.7-1.4) 
Premature birth or low birth weight:    2.1 (0.6-7.4) 
Any adverse birth outcome (age adjusted):    1.2 (0.5-2.9) 
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TABLE 6-4 Record-Linkage Studies of Adverse Events Following 
Anthrax Vaccination 

Study 
Study Population and 
Observation Period 

Single-Service Databases 

Air Combat Command 
Study (Rehme, 2001; 
Rehme et al., 2002) 

Air Force personnel with 
medical visit during 1998 
deployment in SWA, 
1998-1999 

Data Collection Method(s) 

Air Force and DoD 
databases on vaccination and 
postdeployment health care 
visits 

Number c 

5,177 per 

Men 

Women 

4,352 

825 

Army Aviation 
Epidemiology Register 
(Mason et al., submitted 
for publication) 

Army aircrew personnel; 
Jan. 199 8-Nov. 2000 

Records from aviation 
physical examinations 
conducted within 24 months 
before and after vaccination 

3,356 mai 
vaccinatec 
unvaccina 
personnel 

DoD Databases 

Naval Health Research 
Center analysis (Sato, 
2001a,b; Sato et al., 2001) 

All personnel on active 
duty; Jan. 1, 1998- 
March 31, 2000 

DoD records on 
hospitalization in military 
or civilian facilities linked 
to DoD records on 
vaccination and personnel data 

Vaccinate 
2,651 h( 
120,870 

Unvaccinj 
151,609 
2.3 milli 
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:thod(s) Number of Subjects Findings 

iation and 
ilth care 

5,177 persons 

ion 
ins 
4 months 
:cination 

4,352 

825 

3,356 matched pairs of 
vaccinated and 
unvaccinated aircrew 
personnel 

No significant increase in risk for use of ambulatory care 
or for any specific diagnosis 

Selected results as relative risk (vaccinated versus 
unvaccinated; 95% CI) 

Any postdeployment outpatient visit: 0.96 (0.90-1.02) 
Muscle aches:  0.75  (0.41-1.35) 
Migraine:  0.93 (0.38-2.32) 
Hearing loss:  0.28 (0.08-0.97) 
Diabetes:   1.68 (0.20-13.9) 
Sleep disorders:  2.80 (0.36-21.9) 
Tinnitus:  0.42 (0.07-2.51) 

Any postdeployment outpatient visit:  0.95 (0.88-1.02) 

Any postdeployment outpatient visit:  0.99 (0.88-1.12) 

No significant increase in risk for any outcome 
Selected results as odds ratio (vaccinated versus 
unvaccinated; 95% CI) 

Weight change (>19 lbs [8.6 kg]):  0.61 (0.45-0.83) 
Intraocular pressure >20 mm Hg:  0.40 (0.13-1.28) 
Hearing loss >15 dB:  0.94 (0.82-1.08) 
Diabetes or fasting blood sugar >115 mg/dL:   1.25 

(0.34-4.66) 

lilitary 
linked 

sonnel data 

Vaccinated: 
2,651 hospitalizations 
120,870 person-years 

Unvaccinated: 
151,609 hospitalizations 
2.3 million person-years 

Risk for hospitalization within 42 days of vaccination for 
any of 14 summary ICD-9-CM diagnostic categories is 
significantly lower for vaccinated men and women 

Range for adjusted relative risk (vaccinated versus 
unvaccinated; 95% CI) 

Men:  0.30 (0.27-0.33) to 0.75 (0.68-0.84) 
Women:  0.17 (0.11-0.26) to 0.67 (0.47-0.94) 

Continued 
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TABLE 6-4 Continued 

Study 
Study Population and 
Observation Period 

Army Medical Surveillance 
Activity DMSS analyses 
(AMSA, 2001a,b,c) 

Screening analyses All personnel on active 
duty; Jan. 1, 1998- 
Dec. 31, 2000 

Data Collection Method(s) 

DMSS records on inpatient 
and outpatient visits and 
on vaccination history 

Number c 

Vaccinate 
757,540 

Unvaccim 
3.4 milli 

Hypothesis testing 
analyses 

Post- versus 
prevaccination 
hospitalization 

All personnel on active 
duty; Jan. 1, 1998- 
Dec. 31, 2000 

Vaccinated personnel only, 
Jan. 1, 1998-Dec. 31, 2000 

Vaccinate 
515,389 

Unvaccins 
2.8 milli 

Postvaccii 
738,38: 

Prevaccini 
478,093 

Post- versus 
prevaccination 
hospitalization; at 
0-45 days and >45 days 
postvaccination 

Vaccinated personnel 
only, Jan. 1, 1998-Dec. 31, 
2000 

Postvaccii 
0-45 da 
person-> 
>45 day 
person-} 

Prevaccin; 
478,093 



SAFETY: EPIDEMIOLOGIC STUDIES 139 

:thod(s) Number of Subjects Findings 

ipatient 
s and 
Dry 

Vaccinated: 
757,540 person-years 

Unvaccinated: 
3.4 million person-years 

Vaccinated: 
515,389 person-years 

Unvaccinated: 
2.8 million person-years 

Postvaccination: 
738,382 person-years 

Prevaccination: 
478,093 person-years 

Postvaccination: 
0-45 days:   165,682 
person-years 
>45 days:  572,700 
person-years 

Prevaccination: 
478,093 person-years 

See Appendix G for a complete listing of all significantly 
elevated adjusted rate ratios (RR) from these analyses 

No significant elevation of risk among vaccinated 
personnel for inpatient, outpatient, or incident visits 
for any of 14 summary ICD-9-CM diagnostic categories 

No significant elevation of risk among vaccinated 
personnel for any of 12 inpatient and 14 outpatient 
diagnoses 

Of 843 diagnoses, adjusted RR significantly lowered for 
12 diagnoses and significantly elevated for 15 (see 
Appendix G, Table G-l).  Diagnoses with significantly 
elevated adjusted RR (95% CI) include 

Inguinial hernia (ICD-9-CM 550):   1.31 (1.01-1.65) 
Diabetes mellitus (ICD-9-CM 250):  3.46 (1.51-7.90) 
Carcinoma in situ of breast and genitourinary system 
(ICD-9-CM 233): 5.14 (1.81-14.57) 

For 0-45 days postvaccination: of 843 diagnoses, 
adjusted RR significantly lowered for 7 diagnoses and 
significantly elevated for 13 (see Appendix G, Table G-2). 
Diagnoses with significantly elevated adjusted RR (95% 
CI) include 

Diabetes mellitus (ICD-9-CM 250):  3.49 (1.39-8.79) 
Other disorders of the intestine (ICD-9-CM 569):  4.16 

(1.51-11.49) 

For >45 days postvaccination: of 843 diagnoses, adjusted 
RR were significantly lowered for 10 diagnoses and 
significantly elevated for 20 (see Appendix G, Table G-2). 
Diagnoses with significantly elevated adjusted RR (95% 
CI) include 

Diabetes mellitus (ICD-9-CM 250):  3.44 (1.47-8.06) 
Other disorders of the intestine (ICD-9-CM 569): 

2.61 (1.06-6.44) 

Continued 
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TABLE 6-4 Continued 

Study 
Study Population and 
Observation Period Data Collection Method(s) 

Post- versus 
prevaccination 
hospitalizations 
1-3 doses and 
4+ doses 

Vaccinated personnel only; 
Jan. 1, 1998-Dec. 31, 
2000 

Number c 

Postvaccii 
1-3 dosi 
person-} 
4+ dose; 
person-j 

Prevaccin; 
478,093 

Prevaccination versus 
nonvaccinated 

All personnel on active 
duty; Jan. 1, 1998- 
Dec. 31, 2000 

Prevaccin; 
478,093 

Never vac 
2.9 milli 

Post- versus 
prevaccination, men 

Post- versus 
prevaccination, 

Men on active duty; 
Jan. 1, 1998-Dec. 31, 2000 

Women on active duty; 
Jan. 1, 1998-Dec. 31, 2000 

Postvaccii 
664,434 

Prevaccin; 
2.9 milli 

Postvaccii 
73,947 ] 

Prevaccin; 
509,265 

NOTES:  ICD-9-CM, International Classification of Diseases, Ninth Revision, Sixth 
Edition, Clinical Modification, 2001, Reston, Va.: St. Anthony's Publishing; SWA, 
Southwest Asia. 
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:thod(s) Number of Subjects Findings 

Postvaccination: 
1-3 doses:   184,273 
person-years 
4+ doses:  554,109 
person-years 

Prevaccination: 
478,093 person-years 

Prevaccination: 
478,093 person-years 

Never vaccinated: 
2.9 million person-years 

Postvaccination: 
664,434 person-years 

Prevaccination: 
2.9 million person-years 

Postvaccination: 
73,947 person-years 

Prevaccination: 
509,265 person-years 

For 1-3 doses: of 843 diagnoses, adjusted RR 
significantly lowered for postvaccination period for 5 
diagnoses and significantly elevated for 23 (see Appendix 
G, Table G-3).  Diagnoses with significantly elevated 
adjusted RR (95% CI) include 

Diabetes mellitus (ICD-9-CM 250):  4.98 (2.02-12.25) 
Asthma (ICD-9-CM 493):  2.18 (1.37-3.47) 
Regional enteritis (ICD-9-CM 555):  4.90 (1.55-15.44) 

For 4+ doses: of 843 diagnoses, adjusted RR significantly 
lowered for 10 diagnoses and significantly elevated for 13 
(see Appendix G, Table G-3).  Diagnoses with 
significantly elevated adjusted RR (95% CI) include 

Malignant neoplasms of the thyroid gland (ICD-9-CM 
193):  2.35 (1.01-5.48) 

Diabetes mellitus (ICD-9-CM 250):  3.05 (1.31-7.09) 
Other disorders of the intestine (ICD-9-CM 569):  3.24 

(1.33-7.89) 

Overall, vaccinated personnel were healthier (had fewer 
hospitalizations) prior to vaccination than never- 
vaccinated personnel 
Of 843 diagnoses, adjusted RR significantly elevated for 
5 diagnoses (malaria; erythematous conditions; superficial 
injury of elbow, forearm, and wrist; toxic effect of 
carbon monoxide; effects of air pressure; see Appendix 
G, Table G-4) 

Of 12 specific diagnoses, none with significantly elevated 
adjusted RR (see Appendix G, Table G-5). 

Of 12 specific diagnoses, adjusted RR (95% CI) 
significantly elevated for multiple sclerosis (see Appendix 
G, Table G-5): 

All hospitalizations for MS:    2.14 (1.14-4.01) 
Incident (first) hospitalizations for MS 1.26 
(0.50-3.14) 
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participants were not reported by sex. Study participants received subcuta- 
neous inoculations of 0.5 milliliters (ml) of either vaccine or placebo (0.1 
percent alum). The first three doses were given at 2-week intervals, fol- 
lowed by three additional doses given at 6-month intervals and annual 
boosters thereafter. 

Employees at two mills were examined at 24 and 48 hours after inocu- 
lation for evidence of local and systemic reactions. Two measures of local 
adverse reactions were used: (1) an "erythema value," based on the size of 
the area of erythema at the injection site, and (2) a "reaction index," based 
on all objective findings of erythema, induration (hardness), and edema 
(swelling from accumulation of serous fluid). The reaction index ranged 
from 0 (no reaction) to 4 (marked reaction). Significant (3 to 4+) reactions 
were observed in about 2 to 15 percent of immunized persons after the first 
through the fourth inoculations, in approximately 40 percent of immunized 
persons after the fifth inoculation, and in 15 percent of immunized persons 
after the seventh inoculation. The most common local reactions—erythema, 
pruritis, and a small area of induration—were mild and disappeared within 
24 to 48 hours. Overall, local reactions of any type, from mild to severe, 
were observed following 35 percent of inoculations. 

Local reactions of greater severity included edema, an area of erythema 
of 25 square centimeters (cm2) or more, local tenderness and pruritis, and 
small painless nodules that persisted for several weeks. Severe, edema- 
producing reactions occurred following 2.8 percent of vaccinations, with 
those reactions peaking at the sixth inoculation and none occurring follow- 
ing the first inoculation. In three inoculees, extensive edema extended from 
the deltoid to the midforearm or wrist and resolved in 3 to 5 days. Systemic 
reactions were observed in two of the vaccine recipients who experienced 
edema. The systemic reactions consisted of "some malaise of 24 hours' 
duration." Overall, 6 working days were lost as a result of the reactions of 
edema. In all, three placebo recipients experienced mild reactions, which 
were not further described. No information about sex differences in adverse 
effects was reported, nor was there any long-term follow-up of study par- 
ticipants. 

The study by Brachman and colleagues (1962) has several strengths in 
estimating the frequency of reactions following receipt of anthrax vaccine. 
First, there was a placebo group against which the rates of reported reac- 
tions could be compared. Second, the characteristics of the vaccinated and 
placebo groups were likely to be comparable initially because of the ran- 
domized assignment of study participants. Third, recipients were directly 
monitored for the occurrence of adverse events following vaccination, re- 
ducing the possibility of reporting biases. Fourth, the criteria for determina- 
tion of the presence and magnitudes of the reactions were explicitly defined. 
Unfortunately, events following vaccination were monitored in only two of 
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the four mills and were monitored only for the first 48 hours following 
inoculation. The largest disadvantage of the study is its limited size. 

Dose Reduction and Route Change Study A pilot study at the U.S. Army 
Medical Research Institute of Infectious Diseases (USAMRIID) on immune 
responses to alternative AVA dosing schedules and alternative routes of 
administration included active surveillance for adverse reactions (Pittman, 
2001b; Pittman et al., 2002). In that study, 173 U.S. military and civilian 
volunteers (109 men and 64 women) were randomized to one of seven 
groups, defined on the basis of dosing schedule and route of administration. 
Three experimental dosing schedules were tested: a single injection on day 
0, injections on days 0 and 14, and injections on days 0 and 28. For each 
experimental dosing schedule, two groups were established; one group was 
inoculated subcutaneously and the other group was inoculated intramuscu- 
larly. A control group was administered AVA by the licensed six-dose 
schedule and subcutaneous administration. 

Study participants were evaluated clinically for local and systemic reac- 
tions at 30 minutes, 1, 2, and 3 days, 1 week, and 1 month after each 
vaccination. Local reactions at the injection site were common, with signifi- 
cant differences related to route of AVA administration and to sex. With 
subcutaneous vaccine administration, tenderness at the injection site was 
observed following the administration of 70 percent of the doses, erythema 
was observed following the administration of 36 percent of the doses, and 
induration was observed following the administration of 15 percent of the 
doses. With intramuscular administration, those effects were observed fol- 
lowing the administration of 56, 6, and 2 percent of the doses, respectively. 
Subcutaneous nodules, observed following the administration of 38 percent 
of the subcutaneous doses, were not noted with intramuscular administra- 
tion. With subcutaneous administration of one to three doses of AVA, some 
local reactions were significantly more common in women than in men. For 
example, erythema was observed in 63.4 percent of women and 22 percent 
of men, a subcutaneous nodule was observed in 63.4 percent of women and 
24.2 percent of men, and local tenderness was observed in 84.5 percent of 
women and 62.9 percent of men. 

The incidence of systemic reactions did not vary by route of vaccine 
administration or sex. For subcutaneous administration, the most common 
systemic reactions that occurred following administration of the first three 
doses were headache (9.9 percent of doses), malaise (9.4 percent), and 
myalgia (4.4 percent). No serious reaction attributable to the vaccine was 
observed with either subcutaneous or intramuscular administration. 

The USAMRIID pilot study has the advantage of being a prospective 
randomized controlled trial, although it did not have a comparison group 
that received no active agent. In addition, the critical component of sex was 
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included in the analysis. The study confirms a sex difference in local reac- 
tions that cannot be wholly attributable to a bias in reporting. However, it 
does not find a sex-related difference in systemic reaction rates that has 
been reported in other studies. The results of the study suggest that the 
approved subcutaneous route of vaccine administration may produce more 
local reactions than intramuscular administration. Given the significance of 
the route of administration, the number of participants in the study was 
relatively small, and larger studies should be instituted in the future. The 
Centers for Disease Control and Prevention (CDC) is planning a more 
extensive study to test the route of administration and the number of doses 
needed for protection. 

Other Controlled Studies 

ROTC Cadets Inadvertent administration of higher than recommended 
doses of anthrax vaccine to Reserve Officer Training Corps (ROTC) ca- 
dets provided an opportunity to compare their reports of acute effects with 
reports from cadets who received the recommended doses (Gunzenhauser 
et al., 2001). During the summer of 2000, 73 ROTC cadets were scheduled 
to begin the AVA series before deployment to Korea. Twenty-five cadets 
received 1.0 ml of vaccine as the initial dose, twice the recommended 
amount. The other 48 cadets received the standard dose of 0.5 ml. All the 
cadets received the standard dose of the vaccine for the second immuniza- 
tion. 

Information on symptoms experienced by the cadets following vaccina- 
tion was collected through a voluntary survey administered a few days after 
receipt of each of the two doses. The recipients of the double dose had been 
advised of the dosing error, and most of them completed the voluntary 
surveys after the receipt of both doses (25 and 18 responses, respectively). 
Of those who received only standard doses, 12 cadets completed the survey 
administered after the first dose, and 42 cadets completed the survey after 
the second dose. 

Among the cadets who received the double dose, 92 percent reported a 
sore arm after the first injection, 88 percent reported a lump at the injection 
site, and 84 percent reported swelling. For cadets who received the standard 
dose, the reports for these symptoms after the first injection were 83, 42, 
and 42 percent, respectively. Fever was the only systemic effect reported 
after administration of the first dose, reported by 12 percent of those who 
received the double dose and 8 percent of those who received the standard 
dose. Decreased performance was reported by 28 percent of the cadets who 
received the double dose and 8 percent of those who received the standard 
dose. Following administration of the second vaccine dose, 44 percent of 
cadets who had received a double first dose reported three or more local 



SAFETY: EPIDEMIOLOGIC STUDIES 145 

symptoms, whereas 26 percent of those who received a standard first dose 
reported three or more local symptoms. In the group that received the 
double dose, 22 percent reported tiredness and 11 percent reported head- 
ache, whereas 7 and 5 percent of those in the standard-dose group reported 
these symptoms, respectively. Reports of fever (7 percent) and nausea (5 
percent) came only from the standard-dose group. 

This opportunistic study provides information on adverse events fol- 
lowing the receipt of a double vaccine dose and standard vaccine doses. The 
increased dose produced local and systemic effects similar to those experi- 
enced after receipt of the standard dose, but a greater proportion of the 
recipients experienced the effects. In both groups, there were fewer reports 
of systemic effects (e.g., fever, tiredness, and headache) than local effects. 
No severe adverse events or hospitalizations occurred among either group 
of cadets after the administration of either dose. The number of subjects in 
the two study groups is small, however; and all ascertainment of health 
effects was through self-reports. 

Uncontrolled Studies 

Investigational New Drug Data The committee reviewed five annual re- 
ports submitted from 1967 through 1971 by CDC to the Division of 
Biologies Standards of the National Institutes of Health in support of the 
Investigational New Drug (IND) application required for licensure of AVA 
(CDC, 1967-1971). The committee received the information as the result 
of a Freedom of Information Act request made by an earlier Institute of 
Medicine (IOM) committee. The committee also received copies of 
unredacted progress reports from the files of the current vaccine manufac- 
turer, BioPort. 

Two vaccine formulations were administered under the IND applica- 
tion. The formulation originally developed at Fort Detrick, Maryland, by 
Wright and colleagues (1954) and manufactured by Merck, Sharp and 
Dohme was distributed only during the first reporting year. The other 
formulation was AVA, which was manufactured by the Michigan Depart- 
ment of Public Health by the methods described by Puziss and colleagues 
(1963). AVA was administered over the entire course of the study. Because 
distribution of the older Merck vaccine was discontinued, some study par- 
ticipants received both formulations over the course of their vaccinations. 

The annual reports submitted in support of the IND application reflect 
experience from the administration of almost 16,000 doses of AVA to 
about 7,000 people in an observational study with no control subjects. The 
study was designed as an open-label, multicenter study that provided inves- 
tigational vaccine to individuals at risk of exposure to anthrax at nine U.S. 
sites and one foreign site. Most of the study participants were textile work- 
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ers with potential contact with contaminated goat hair or wool; a minority 
were laboratory personnel engaged in research or diagnostic procedures 
involving anthrax. Adverse events following vaccination were reported by 
the investigators administering the vaccines, who were required to record 
any reaction observed 48 hours after administration of the vaccine and to 
notify the National Communicable Disease Center (NCDC) of any severe 
reactions. A reporting form for each vaccinee was returned to NCDC fol- 
lowing administration of the initial series of three doses or after the admin- 
istration of a booster dose. It is not clear whether investigators examined or 
at least contacted vaccine recipients to ascertain reactions (active surveil- 
lance) or whether they relied on reports from recipients (passive surveil- 
lance). 

Local reactions were classified as mild, moderate, or severe. A mild 
reaction was defined as an area of erythema (redness) only or of measurable 
edema or induration of <3 cm in diameter. A moderate reaction was de- 
fined as an area of edema or induration of >3 cm to <12 cm in diameter. A 
severe reaction was defined as any reaction measuring >12 cm in diameter 
or accompanied by marked limitation of arm motion or axiliary node 
tenderness. Mild reactions were reported following the administration of 
8.4 percent of the AVA doses, moderate reactions following the administra- 
tion of 0.9 percent of the AVA doses, and severe reactions following the 
administration of 0.2 percent of the AVA doses. Systemic reactions, includ- 
ing chills, fever, aches, and malaise, were reported for four vaccine recipi- 
ents. All reactions were self-limited. Adverse event rates were not reported 
by sex, and no surveillance for later-onset effects was conducted. 

This study suggests that AVA has a reaction profile comparable to that 
of other toxin-based vaccines such as tetanus toxoid. No investigations 
were reported of the mechanisms of the few systemic reactions that were 
noted. The reactogenicity of the vaccine appeared to vary by lot. The use of 
one lot manufactured by Merck was discontinued because it was more 
reactogenic than another available lot. Conclusions from the study are 
limited by its observational design. Furthermore, reports of adverse events 
are not available by sex or age, and in the early part of the study more than 
one vaccine formulation was administered. 

Special Immunizations Program Safety Study Additional information on 
the immediate-onset reactions following administration of AVA is available 
from observations of inoculations given between 1973 and 1999 through 
the Special Immunizations Program at USAMRIID at Fort Detrick, Mary- 
land (Pittman, 2001a; Pittman et al., 2001a,b). The study participants were 
those laboratory and maintenance workers who required access to the 
biocontainment facilities where Bacillus anthracis was studied. 

The study population included 1,583 at-risk individuals, of whom 79 
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percent were men, 81 percent were aged 18 to 40, and 86 percent were of 
European origin. Over the reporting period, these individuals received 
10,722 AVA doses, administered in accordance with the licensed schedule. 
The median number of doses received was six. A total of 273 (17.2 percent) 
study participants received 10 or more doses, and 46 (2.9 percent) partici- 
pants received 20 or more doses. Most participants also received several 
other vaccines during the study period. 

Surveillance for the occurrence of local and systemic adverse events was 
passive: the vaccine recipients self-reported adverse events if they sought 
treatment or if they believed the adverse event should be recorded in their 
health records. When participants came into the clinic to report adverse 
events, study staff evaluated and recorded the adverse events, classifying 
them as local or systemic. 

Local reactions of some type were reported for 3.6 percent of the 
10,722 doses of vaccine administered. Erythema and/or induration (E/I), 
the most common local reaction, was reported for 3.2 percent of the doses 
administered. Of the 1925 doses administered to women, E/I was reported 
following 7.3 percent. Men received 8,797 doses, of which 2.2 percent 
resulted in reports of E/I. Doses given to individuals ages 18 to 40 were 
followed by significantly more reports of reactions at the injection site than 
were doses given to those over age 40, but this result was not adjusted for 
sex. After adjustment for age and sex, reports of erythema, induration, and 
injection-site warmth were significantly higher for doses given to partici- 
pants of European ancestry than for those given to African Americans. 

Of the 32 vaccine lots used during the study, 50 or more doses were 
administered from only 19 lots. There was significant variation by lot in the 
incidence of injection-site reactions, ranging from 0 to 22.1 percent. Re- 
ceipt of vaccine from the one lot that was found to have traces of squalene 
contamination did not produce an elevated rate of local reactions (5.3 
percent of doses administered, which was the fifth highest rate of local 
reactions among the 19 lots). (See Chapter 4 for information on laboratory 
analysis for the presence of squalene in AVA.) 

After controlling for vaccine lot and sex, reporting of E/I after the 
administration of one dose was found to be associated with an increased 
likelihood of reporting of E/I after the administration of the next dose (odds 
ratio [OR] = 13; 95 percent confidence interval [CI] = 8.7 to 21). The 
relative risks of a second reaction were 6.9 (95 percent CI = 4.3 to 10.9) for 
women and 14.3 (95 percent CI = 8.8 to 23) for men. However, a reaction 
to one dose was not a satisfactory predictor of a subsequent reaction for 
either women or men because most reactions occurred in persons who had 
received a previous dose with no resulting reaction. 

Systemic reactions of any sort were reported following the administra- 
tion of 101 of the 10,722 doses (1 percent) and were more frequent for 
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doses administered to women than for doses administered to men. Overall, 
the most commonly reported reactions were headache (0.4 percent of doses), 
malaise (0.4 percent), myalgia (0.3 percent), nausea (0.1 percent), and diz- 
ziness (0.1 percent). For both women and men, those who reported a 
systemic reaction following the administration of one dose were more likely 
to report a systemic reaction following the administration of a subsequent 
dose. However, the majority of systemic reactions occurred after the ad- 
ministration of a dose to individuals who had already received vaccine 
doses with no systemic reaction. No sustained adverse events were noted, 
but long-term follow-up was not conducted. 

Since the adverse events were self-reported and were not uniformly 
recorded for all who were vaccinated, this study may be most useful for the 
establishment of trends in subgroups. Absolute estimates of local or sys- 
temic reactions cannot be given. However, the study suggests that females 
and younger individuals more commonly report local reactions. The rates 
did vary by vaccine lot, but this may be confounded by secular trends in 
reporting reactions. The study also confirms that a prior reaction is predic- 
tive of a future reaction. However, the study cannot distinguish between 
elevated rates of reporting of adverse events versus an actual increase in the 
reaction rates. 

Fort Bragg Booster Study Pittman and colleagues (1997, in press; Pittman, 
2001c) conducted a study to assess the persistence of antibodies to B. 
anthracis 18 to 24 months after initial vaccination during Operations Desert 
Shield and Desert Storm and to assess the safety and immunogenicity of a 
vaccine booster dose. Study participants were recruited from active-duty 
personnel at Fort Bragg, North Carolina, in 1992 and 1994. All partici- 
pants were volunteers and signed an informed-consent form to participate 
in the study. 

The study population consisted of 495 male Operations Desert Shield 
and Desert Storm veterans who received one to three primary doses of AVA 
in 1990 or 1991. Only 5.5 percent received a single AVA dose; 70.5 percent 
received two doses, and 24.0 percent received three doses. Of the total, 91.3 
percent received both AVA and pentavalent botulinum toxoid (PBT) in 
separate arms, and 8.7 percent received AVA only. For the booster study, 
participants who had originally received both vaccines also received (in 
separate arms) booster doses of both vaccines. Most participants (62 per- 
cent) were aged 30 to 39, and 92 percent were non-Hispanic Caucasians. 

Adverse reactions to the booster vaccination were monitored through 
active surveillance. All study participants were assessed at 30 minutes after 
receiving the booster dose and subsequently on days 1, 2, 3, and 7 follow- 
ing vaccination. In addition, 86 percent of the participants returned after 24 
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to 36 days for an additional evaluation. Any individuals with reactions that 
were present at 24 to 36 days were monitored until the reactions resolved. 

Because of the field setting of the study and the use of active surveil- 
lance, local reactions were common for both vaccines. Among the subjects 
who received only an AVA booster, an E/I reaction of <5 cm in diameter 
was observed in 27.9 percent, and an E/I reaction of 5 to 12 cm was 
observed in 4.7 percent. None of the study participants who received only 
an AVA booster had an E/I reaction of >12 cm in diameter. Among those 
who received both AVA and PBT, E/I reactions of these sizes were observed 
in 16.0, 9.3, and 0.7 percent of participants, respectively. Local reactions 
commonly occurred within 4 days of receipt of the booster dose. 

Systemic reactions were also frequent following receipt of the vaccine 
booster dose, but the investigators noted that the study participants were 
also engaged daily in strenuous physical exercise, which could produce 
systemic reactions as well. The most common systemic reactions reported 
by those who received only an AVA booster dose were muscle ache (23.3 
percent), headache (9.3 percent), malaise (7 percent), joint pain (7.0 per- 
cent), and fever (2.5 percent). In the much larger group of individuals who 
received both the AVA and the PBT booster doses, systemic reactions were 
reported by a greater percentage of study participants: muscle ache, 31 
percent; rash, 17.3 percent; malaise, 16.8 percent; headache, 16.6 percent; 
joint pain, 13.1 percent; and fever, 2.7 percent. Anorexia (3.8 percent), 
nausea (3.5 percent), and breathing problems (0.2 percent) were reported 
only by study participants who received both booster doses simultaneously. 

This study prospectively recorded the occurrence of local and systemic 
reactions following administration of an AVA booster to men previously 
primed with AVA vaccine. Because most vaccinees also received PBT, the 
results are difficult to interpret in terms of the effects specifically related to 
AVA. Those who received both vaccines simultaneously had more systemic 
reactions. Although fewer local reactions were noted in those who received 
both vaccines than in those who received AVA only, these reactions may 
have been recorded less often when systemic reactions were noted. The 
results do suggest that local and systemic reactions commonly occur within 
4 days of vaccination but that these reactions are transient. 

U.S. Forces in Korea Hoffman and colleagues (Hoffman et al., submitted 
for publication; CDC, 2000) analyzed information on adverse events fol- 
lowing vaccination of U.S. forces in Korea with AVA between August 1998 
and July 1999. The study was conducted at a single military clinic where a 
structured medical note was used as a survey instrument. In the study, 
2,036 men and 495 women reporting to the clinic for vaccination with 
AVA completed a short questionnaire that requested information on sex, 
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health status, vaccination history, and the occurrence of local or systemic 
reactions following the previous vaccination. 

For both men and women, local reactions were common and were 
generally minor and did not lead to impairment of work performance. 
Women and anyone who had a reaction following receipt of a prior dose of 
AVA or who was taking medications were significantly more likely than 
their counterparts to report adverse events. Nodules and erythema were 
statistically more common in women. For example, reported rates of occur- 
rence of nodules following receipt of one of the first three vaccine doses 
ranged from 49.8 to 62.4 percent for women, whereas the rates were 21.4 
to 28.9 percent for men. Women also reported higher rates of localized 
itching, ranging from 20.4 to 37.0 percent, whereas the rates were 5.5 to 
7.5 percent for men. Among those reporting a single reaction, men more 
consistently reported high rates of pain (12.4 to 16.9 percent) than women 
(2.9 to 5.0 percent). Decreased activity without a loss of time from work 
was the most common consequence of adverse events, reported by 6.7 
percent of women and 5.7 percent of men following receipt of the third 
vaccine dose. 

These data indicate that minor adverse events following the receipt of 
AVA are common and that rates are generally higher among women than 
among men. Since the service personnel reported adverse events at the next 
vaccine administration, however, there may have been some underreporting 
of adverse events and some selection bias in the reporting of those events. 
However, the results confirm those of other studies that women report 
more adverse events following vaccination with AVA but that they also 
report less pain than men. 

Tripler Army Medical Center Survey The nature and frequency of adverse 
events following vaccination with AVA were assessed in a group of 601 
military health care workers at Tripler Army Medical Center in Hawaii 
who began receiving vaccinations in September 1998 (AVIP, 2001; CDC, 
2000; GAO, 1999; Wasserman, 2001). The study population included 416 
men and 185 women, and the overall median age was 28 years. Enlisted 
personnel accounted for 71 percent of the group. Self-administered ques- 
tionnaires were used to collect data on adverse events following each dose. 
Data on localized reactions were collected retrospectively for the first three 
doses and prospectively for subsequent doses. All data on systemic reac- 
tions were collected prospectively. 

Local reactions were common and were generally highest following 
receipt of the first dose. The reactions included an area of redness, a lump 
or a knot at the injection site, and localized itching. Reports of local reac- 
tions were significantly higher for women than men, with an adjusted OR 
for any local reaction of 2.44 (95 percent CI = 2.04 to 2.93). Redness with 
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a diameter of >5 cm was reported by 37 to 43 percent of women, whereas 
it was reported by 15 to 23 percent of men. Similarly, a lump or knot at the 
injection site was reported by 81 to 93 percent of women and 56 to 65 
percent of men. Edema involving the lower arm was reported by 8 to 14 
percent of women and 7 to 10 percent of men. 

Muscle ache was the most commonly reported systemic reaction, re- 
ported following 45 percent of doses administered to women and 41 per- 
cent of doses administered to men. The study participants also reported 
whether their ability to perform their duties was affected and whether they 
had medical visits related to vaccination. For both indicators, reports were 
higher for women than for men. Four to 12 percent of women and 2 to 6 
percent of men reported limitations in their ability to perform their duties. 
Four to 14 percent of women and 2 to 5 percent of men reported that they 
made an outpatient medical visit following vaccination with AVA. 

This study monitored a group of subjects over the full series of six 
inoculations, but by the sixth dose about 50 percent of the original partici- 
pants had been lost due to reassignment, separation from the military, or 
medical and other exemptions from vaccination. No control group was 
included, and it is uncertain how reports from medical personnel would 
compare with those from other military personnel. 

9th Airlift Squadron Survey A survey of the members of the 9th Airlift 
Squadron at Dover Air Force Base in Delaware collected information on the 
systemic symptoms that they experienced following vaccination with AVA 
(Tanner, 2001). Vaccination of this squadron with AVA began in the au- 
tumn of 1998. In January 2000 a questionnaire was distributed by mail to 
all members of the squadron except administrative workers, a group that 
had not yet been vaccinated. Respondents were asked to provide informa- 
tion that included the number of vaccine doses they had received, whether 
they had experienced any of 16 specified systemic symptoms at any time 
since receiving their first vaccine dose, and whether they had sought treat- 
ment from the flight surgeon's clinic for symptoms or had lost time from 
duty. Respondents were also asked to describe their symptoms and any 
formal diagnosis that they had received. 

Of 265 questionnaires mailed, 139 (52 percent) were completed and 
returned by vaccinated squadron members. Two other respondents had not 
been vaccinated, and so their responses were not included in the tabula- 
tions; 11 questionnaires were undeliverable. Responses were received from 
nine women, but the survey results were not reported separately for men 
and women. Joint or muscle pain was the most common symptom, reported 
by 42 percent of the 139 respondents. Other common symptoms included 
loss of energy or tiredness (31 percent), reduced concentration (27 percent), 
and short-term memory loss (26 percent). Reports of some systemic symp- 
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toms noted in other studies included itchy skin (21 percent), headaches (19 
percent), and chills or fever immediately following vaccination (11 per- 
cent). Overall, 89 respondents (64 percent) reported one or more symp- 
toms. Of these, 41 reported that they had sought treatment for one or more 
symptoms. The author noted that an unspecified number of untreated re- 
spondents added comments indicating that they had refrained from seeking 
treatment because of concerns about the quality of care available or the 
potential loss of flight status. In addition, 24 of the respondents with symp- 
toms reported that they had missed more than 1 day of work; 10 had not 
returned to full duty. 

This survey provides both quantitative and qualitative information on 
the self-reported systemic symptoms experienced by members of a single 
Air Force squadron who responded to the survey. An unofficial survey may 
elicit reports of symptoms from persons who would be reluctant to report 
those symptoms as part of an official DoD study or disease surveillance 
program. On the other hand, if persons with symptoms are more likely to 
respond to the survey, the rates of occurrence of symptoms after vaccina- 
tion with AVA will be overestimated. In addition, no information is pro- 
vided about the timing of these self-reported symptoms in relation to the 
time of receipt of AVA. It is difficult to interpret the results of a survey that 
asks for the occurrence of events "at any time" since receiving AVA. The 
author acknowledges that the low response rate and the lack of a control 
group are important limitations of the study. 

Studies of Health Effects with Later Onset 

Any Health Outcomes: Uncontrolled Studies 

Multiple Vaccines Studies Three published studies (Peeler et al., 1958, 
1965; White et al., 1974) provide longitudinal information on a population 
of skilled laborers and laboratory workers at Fort Detrick, Maryland. The 
members of this study population received multiple doses of many different 
vaccines, including an anthrax vaccine, because of the potential for occupa- 
tional exposure to virulent microorganisms. The 99 white male workers in 
the initial cohort (Peeler et al., 1958) were selected for the study because 
they had the longest and most intensive vaccination histories among the 
700 employees receiving a continuing schedule of multiple immunizations. 
The workers began receiving vaccinations in 1944 and were evaluated for 
these studies in 1956, 1962, and 1971, respectively. Both acute and more 
persistent changes in health status following vaccination were ascertained 
through complete medical histories, physical examinations, laboratory tests, 
and reviews of outpatient and immunization records. 

An earlier IOM report (IOM, 2000) described the three studies in some 
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detail. The well-studied cohort showed no evidence of illnesses attributable 
to intensive immunization over a 25-year period or any serious, unex- 
plained illnesses. Reaction rates for immediate-onset events, whether local 
or systemic, were not reported for any individual vaccine. The concerns 
over the high incidence of abnormal liver function test results, lymphocyto- 
sis, and abnormalities observed by electrophoresis of serum raised in the 
two earlier studies (Peeler et al., 1958,1965) were increasingly dispelled by 
the third report (White et al., 1974). The laboratory changes were often 
reversible, as shown in the second study (Peeler et al., 1965), and in the 
third study (White et al., 1974), conducted 10 months after the termination 
of the immunization program, laboratory values had normalized. The se- 
rum abnormalities seen earlier are probably explainable by an increased 
level of fast mobility gamma globulins. The overall mortality rate for the 
cohort was within the expected range. 

In general, data from these studies do not suggest that repeated expo- 
sure to AVA along with other vaccines is associated with later-onset health 
effects, but the studies are of limited value for evaluating the safety of AVA. 
Because the cohort was exposed to many vaccines in addition to an anthrax 
vaccine, indications of any deleterious effects could have been due to any of 
the vaccines received. In addition, during the time frame covered by these 
studies, workers received both earlier anthrax vaccine products and the 
currently licensed AVA product. Although the number of anthrax vaccine 
recipients increased over the study period from 28 to at least 76, without 
apparent coincident changes in the health status of the group, the small size 
of the cohort provides little statistical power to detect increased risk of 
illness. 

Reproductive Outcomes: Controlled Study 

Pregnancy, Births, and Birth Outcomes Wiesen and colleagues (Wiesen, 
2001a,b; Wiesen and Littell, 2001) compared the reproductive experiences 
of vaccinated and unvaccinated women on active duty in the U.S. Army. 
The study population consisted of 4,092 women, ages 17 to 44 years, who 
had been assigned to Fort Stewart or Hunter Army Airfield in Georgia 
between January 1999 and March 2000. Of this group, 3,135 received at 
least one dose of AVA; 962 were unvaccinated. The vaccinated and unvac- 
cinated women were similar in age and marital status. A similar percentage 
of women in each group was African American, but a smaller percentage of 
the vaccinated group was white (28.8 versus 36.4 percent) and a larger 
percentage was of another race (19.7 versus 12.9 percent). 

The analysis compared the two groups in terms of pregnancy rates, the 
proportion of pregnancies resulting in live births, and the incidence of 
adverse birth outcomes. The size of the study population provided an 80 
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percent power to detect a 20 percent decline in the pregnancy rate. Pregnan- 
cies, births, and birth outcomes were determined from a review of medical 
records at Fort Stewart. For 54 of 85 women who left Fort Stewart during 
their pregnancies, records from the Defense Enrollment Eligibility Report- 
ing System (DEERS) could be used to determine if a birth occurred. Vacci- 
nation against anthrax had no effect on pregnancy rates (OR = 0.9, 95 
percent CI = 0.7 to 1.1), with or without adjustment for marital status, 
race, and age. There also was no significant difference between vaccinated 
and unvaccinated women in terms of the proportion of pregnancies that 
resulted in a live birth (adjusted OR = 0.8, 95 percent CI = 0.7 to 1.0). In 
addition, the adjusted ORs for low birth weight (OR = 1.3, 95 percent CI = 
0.2 to 6.4) and structural abnormalities of cosmetic or surgical significance 
(OR = 0.7,95 percent CI = 0.2 to 2.3) showed that there was no statistically 
significant elevation of risk for the infants of vaccinated women. 

The strengths of this study include the size of the study population and 
the resulting statistical power to detect changes in pregnancy rates. Also, 
the retrospective ascertainment of outcomes from a source independent of 
exposure reduces potential observer and follow-up biases. However, infor- 
mation on certain outcomes was obtained from two sources: medical records 
and DEERS. It may have been better to use only information from DEERS 
to ascertain the outcome and then verify agreement with the medical record, 
where available. The study may be interpreted as providing some assurance 
that vaccination with AVA has no major adverse effect on reproductive 
potential or reproductive outcomes. However, because specific birth defects 
occur at low rates and different birth defects can have different causes, 
failure to detect an excess overall rate of birth defects does not necessarily 
rule out an elevation of risk for a specific, although rare, birth defect. In 
addition, the power of the study to detect meaningful decreases in birth 
rates or birth weights associated with maternal AVA exposure is unknown. 
The study does not directly address the risks of vaccination during preg- 
nancy. Women known to be pregnant were exempted from vaccination, but 
some women with early unconfirmed pregnancies may have been vacci- 
nated. Thus, more definitive conclusions regarding pregnancy outcomes 
will depend on additional study. 

Observations Regarding Ad Hoc Studies 

The studies reviewed thus far describe a consistent pattern of relatively 
frequent, mild to moderate local reactions of immediate onset following 
receipt of AVA. Severe local reactions and systemic reactions are much less 
common. These studies are relatively small, however, and none of them 
provides adequate information concerning the occurrence of later-onset 
events. In addition, most of these studies do not include adequate compari- 
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son groups of unimmunized individuals against which rates of adverse 
events among vaccinated groups can be compared. The record-linkage stud- 
ies discussed in the next section are therefore especially valuable because 
they address many of these limitations. Analyses based on data from record- 
linkage systems generally involve larger study populations and cover a 
longer period of experience with AVA than other studies do. More impor- 
tantly, they provide the opportunity to examine associations of AVA with 
disease conditions of later onset, and they provide appropriate comparison 
groups that consist of persons who have not been exposed to AVA. Further- 
more, evaluation of the outcome is unrelated to assessment of vaccine 
exposure. 

RECORD-LINKAGE STUDIES 

Surveillance and analysis of adverse events following vaccination of 
military personnel are aided by the availability of databases that permit 
linkage of personnel and demographic information with information on 
military experience, immunizations, and medical events for active-duty per- 
sonnel. The individual branches of the armed services maintain such data- 
bases, but even more useful are various DoD-wide databases, particularly 
the system of databases of health-related information (reported by each of 
the armed services) called the Defense Medical Surveillance System (DMSS; 
see http://amsa.army.mil/AMSA/AMSA_DMSS.htm). DMSS is coordinated 
by the Army Medical Surveillance Activity (AMSA). 

The DMSS databases permit linkage of the records for all active-duty 
personnel. These databases include some historical data, but they have 
various starting dates. For example, records on inpatient care in military 
medical facilities date from 1990, whereas those for ambulatory care begin 
in 1996. Medical data are derived from Standard Inpatient Data Records 
and the Standard Ambulatory Data Records for all inpatient and outpatient 
encounters at military facilities. For each hospitalization, up to eight dis- 
charge diagnoses are coded using the International Classification of Dis- 
eases, Ninth Revision, Clinical Modification (ICD-9-CM). Other DMSS 
databases have records on immunizations and reportable health events. At 
present, the records on immunizations with AVA are more complete than 
those for immunizations with other vaccines. Records on reportable health 
events cover a set of diseases and health conditions named in the list of Tri- 
Service Reportable Events (AMSA, 1998; Mazzuchi, 1998). This list in- 
cludes any adverse event following vaccination that results in admission to 
a health care facility or the loss of time from duty for more than 1 day. 

Because DMSS and other DoD-wide databases can produce data on the 
entire population of active-duty military personnel and on the subpopula- 
tion vaccinated under the Anthrax Vaccine Immunization Program, they 
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have denominator data that are unavailable from the Vaccine Adverse 
Event Reporting System (VAERS), making it possible to assess vaccine- 
associated adverse event rates (number of adverse events/number of vaccine 
administrations) for some types of health events following vaccination. 
Adverse event rates can also be compared between populations that did and 
that did not receive the vaccine. The DMSS databases also make it possible 
to monitor postvaccination medical histories over the length of active ser- 
vice. Even though this period is limited (typical Army enlistment is 2 to 6 
years [Grabenstein, 2001]), it is a longer period of observation than that 
available for most vaccine safety studies. 

Although DMSS is a substantially richer analytic resource than VAERS, 
it still has certain limitations. Whereas VAERS has the potential to receive 
reports on any type of adverse event following vaccination, including mild 
events, DMSS will capture only events that require inpatient or ambulatory 
medical care or result in the loss of time from duty. DMSS data may also be 
affected by administrative and operational differences among the armed 
services. Many of the data contained in DMSS are originally collected in 
data systems operated by the individual services and are periodically trans- 
mitted to AMSA for incorporation into DMSS databases. Delays in the 
transfer of data can mean that DMSS records are not up to date. Differ- 
ences in data collection practices by the individual services may also mean 
that DMSS records differ in terms of their completeness. 

During the course of its work, the committee reviewed record-linkage 
analyses carried out with data from databases maintained by individual 
branches of the armed services, as well as the results of analyses conducted 
by the Naval Health Research Center and AMSA with data available from 
DMSS or other DoD-wide databases. Discussions of the studies conducted 
with data from the databases of the individual service branches are fol- 
lowed by discussions of the analyses conducted with data from DoD-wide 
databases. 

Studies Conducted with Data from Single-Service Databases 

Air Combat Command Study 

Rehme and colleagues (Rehme, 2001; Rehme et al., 2002) performed 
an opportunistic retrospective cohort study in which they compared the 
postdeployment use of Air Force ambulatory health care services by AVA- 
vaccinated and unvaccinated Air Force personnel following their return 
from Southwest Asia (SWA). The study population was identified by link- 
ing Air Force records on visits to a medical treatment facility in SWA 
between January 1, 1998, and September 10, 1998, with DoD records on 
vaccination against anthrax. Of the personnel with records of a visit to a 
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medical treatment facility in SWA, 4,045 persons had a record of the re- 
ceipt of at least one dose of AVA and 1,133 persons had no record of the 
receipt of any doses of AVA. Men accounted for 84 percent of the vacci- 
nated group and 85 percent of the unvaccinated group. 

No difference in the rate of postdeployment use of Air Force ambula- 
tory health care services within the 6 months following vaccination with 
AVA was found between the vaccinated and the unvaccinated personnel. 
Women were more likely than men to have had a postdeployment ambula- 
tory health care visit (relative risk 1.38, 95 percent CI = 1.30 to 1.46), but 
there was no difference between vaccinated and unvaccinated men (relative 
risk = 0.95, 95 percent CI = 0.88 to 1.02) or between vaccinated and 
unvaccinated women (relative risk = 0.99, 95 percent CI = 0.88 to 1.12). 
The analysis also examined ambulatory health care visits in terms of 17 
broad ICD-9-CM diagnostic categories as well as 16 specific diagnoses, 
including diabetes, thyroid disorders, anemia, and headache. For vacci- 
nated personnel, the risks of any of these diagnoses were comparable to or 
lower than those for unvaccinated personnel. 

The uniformly negative results support the general conclusion that AVA 
does not lead to increased use of health care services by DoD personnel, and 
the inclusion of only deployed personnel in the study attempts to control 
for a possible "healthy soldier" effect. This is analogous to the "healthy 
worker" effect observed in studies of occupational groups compared with 
the general population. 

Nevertheless, the study has important limitations. First, all personnel 
entered into this study must have visited an ambulatory health care setting 
at least once during their deployment, and according to the investigators, 
this eliminated more than 50 percent of the deployed personnel. This eligi- 
bility criterion might have the effect of masking an adverse effect of AVA if 
those not vaccinated experienced other health conditions that made them 
more likely to have used health care services. The uniformity of the find- 
ings, however, argues against (although does not rule out) this potential 
bias. 

Second, there is no control for whether Air Force personnel sought 
ambulatory care in SWA or in the United States from sources other than Air 
Force treatment facilities. If personnel were more likely to receive AVA if 
they were to be deployed for longer periods in SWA and if medical care was 
less available in SWA, the results may mask a real effect of vaccination with 
AVA. Again, the uniformity of the results argues against (but does not rule 
out) this potential bias. 

Third, if personnel who received AVA had medical problems that re- 
sulted in an early discharge from the military, they would not have been 
included in the analysis. The investigators clearly note this possibility but 
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suggest that the time required to process a medical discharge would limit its 
effect. The available data offer no basis for evaluation of this possibility. 

Finally, it is not known how service personnel were selected to receive 
AVA (perhaps it was random, but the committee does not know this). 

U.S. Army Aviation Epidemiology Data Register 

A study of U.S. Army aircrew members was conducted to assess clinical 
outcomes reflecting vaccine-associated adverse events among those who 
had been vaccinated with AVA (Mason et al., 2001, submitted for publica- 
tion). The study used record linkage to assess those who were vaccinated 
with AVA and those who were not and to identify clinical outcomes. A 
total of 3,356 AVA-vaccinated aircrew personnel were matched to an equal 
number of unvaccinated personnel by age, sex, race, class of flying duties 
(aviator, flight traffic controller, flight surgeon), and type of service (active, 
reserve). Changes in medical condition were determined by comparison of 
information from medical examinations conducted before and after the 
vaccination date for the AVA-exposed individual in the pair. The clinical 
outcomes evaluated included weight change, an increase in blood pressure, 
anemia, increased intraocular pressure, stereopsis, hearing loss, vision loss, 
proteinuria or glycosuria, and increased fasting blood sugar levels. No 
outcome showed any positive association with receipt of the AVA vaccine. 
In fact, those vaccinated with AVA actually showed less weight loss and 
vision loss than those not vaccinated. 

The apparent reduction in risk may be attributable to a healthy soldier 
effect. Those vaccinated may have been healthier than those not vaccinated, 
thus producing an apparent but spurious negative association with admin- 
istration of AVA. In addition, the average time between examinations may 
have been different for the personnel vaccinated with AVA and those not 
vaccinated with AVA. Nonetheless, the results do not show any elevation in 
adverse outcomes due to AVA vaccination. 

Analyses of Data from DoD-Wide Databases 

Naval Health Research Center DoD-Wide Surveillance of 
Hospitalizations 

Sato and colleagues (2001a,b; Sato et al., 2001) used data from DoD 
databases on hospitalizations of active-duty military personnel to deter- 
mine whether those who had received AVA had an excess of hospitaliza- 
tions within 42 days of AVA vaccination compared with those who had not 
received AVA. The study included all U.S. military service personnel on 
active duty during the analysis period, which extended from January 1, 
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1998, through March 31, 2000. Hospitalizations in both military and non- 
military facilities were ascertained. Hospitalization data were linked with 
the vaccination, demographic, and personnel data in DoD records. All 
personnel received other standard vaccinations. 

The analysis was based on 2,651 hospitalizations and 120,870 person- 
years of observation in the group vaccinated with AVA (the vaccinated 
group) and 151,609 hospitalizations and more than 2.3 million person- 
years in the group not vaccinated with AVA (the unvaccinated group). For 
the vaccinated group, the risk interval was counted from the date of AVA 
vaccination until either the date of the first hospital admission, the date of 
receipt of the next dose of AVA, or the end of the analysis period (March 
31, 2000). The hospitalization rates for this group were calculated per 
person-years of observation within 42 days of receipt of any AVA dose. For 
the unvaccinated group, the risk interval started January 1, 1998, and 
extended to the date of the first hospital admission, the date of separation 
from the military, or March 31,2000. Hospitalizations were assigned to 14 
major ICD-9-CM categories of disease on the basis of discharge diagnoses. 
Subsequent hospitalizations for the same condition were not counted for 
either group. 

Relative risks for the vaccinated group versus the unvaccinated group 
were adjusted for age (in quartiles), sex, number of hospitalizations in the 
previous year, marital status, race/ethnicity, pay grade, duty occupation 
category, branch of service, and number of days deployed (in quartiles). 
Analyses were done separately for men and women. No adjustments for 
multiple comparisons were made in the interim analysis presented to the 
committee. 

Vaccinated men and women had significantly lower relative risks than 
unvaccinated personnel for hospitalizations for each of the 14 broad ICD- 
9-CM categories examined. Adjusted relative risks for women ranged from 
a low of 0.18 for diseases of the blood to a high of 0.66 for neoplasms. For 
men the lowest relative risk was 0.30 for mental conditions, and the highest 
relative risk was 0.75 for diseases of the digestive system. 

In these analyses, receipt of AVA was not associated with a significant 
increase in the risk of hospitalization within 42 days of vaccination for 14 
major groups of disease, and, in fact, vaccinated personnel were hospital- 
ized significantly less than unvaccinated personnel. The relative risks for 
hospitalization (the group vaccinated with AVA versus the group not vacci- 
nated with AVA) were very low, with the relative risks for most personnel 
falling between 0.2 and 0.6. Relative risks less than 1.0 would be expected 
if service personnel who received AVA were also more likely to be deployed 
and deployment is associated with a healthy soldier effect. The possibility 
thus cannot be discounted that differences in the risk of hospitalization 
between personnel who received AVA and personnel who did not reflect 
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differences in deployment status. Although analyses were statistically ad- 
justed for quartiles of number of days deployed, this approach may not 
have been adequate to fully control for differences between deployed and 
undeployed military personnel in their underlying health status or in the 
manner in which health-related issues are addressed for predeployment 
personnel. Also affecting the interpretation of the current results is the 
possibility that the disease categories used may be too broad to detect 
increases in risks of individual diseases in the group vaccinated with AVA. 

AMSA Analyses ofDMSS Data Regarding Health Outcomes Following 
Vaccination Against Anthrax 

In 2000 and 2001, AMSA prepared several reports that described analy- 
ses that were carried out with data available from DMSS to assess whether 
inpatient or outpatient medical visits are associated with vaccination with 
AVA. AMSA also carried out analyses in response to specific questions 
raised by the IOM committee. As a result, several different approaches to 
the analyses of the data available from DMSS were taken over the course of 
the committee's work. Each is described separately. 

Screening Analyses In 2001, AMSA began a process of regularly using 
DMSS data for screening purposes. It has since produced two quarterly 
reports describing screening analyses of data available from DMSS and 
DoD's electronic immunization tracking system database (AMSA, 2001a,b). 
The databases were used to compare rates of hospitalization and outpatient 
visits between military personnel who had and those had not been vacci- 
nated against anthrax on the basis of 14 major disease categories and 824 
specific diagnoses (identified on the basis of three-digit ICD-9-CM codes). 
A third analysis on incident visits (first visits for a diagnosis) to inpatient or 
outpatient facilities was also conducted. For the April 2001 quarterly re- 
port on data for January 1998 to December 2000, a total of 757,540 
person-years of observation for the group that had received AVA and 
3,430,459 person-years of observation for the group that had not received 
AVA were included in the analyses. 

The analyses found that, for all major diagnostic categories, crude and 
adjusted rates of hospitalization and of outpatient visits and incident visits 
(incident visits include inpatient and outpatient visits combined) were lower 
in the group that received AVA than in the cohort that did not. For specific 
diagnoses within each database (hospitalization, outpatient, and incident 
data; a total of 2,472 comparisons), however, the rates of some diagnoses 
were statistically significantly higher for the group that received AVA than 
for the group that did not. In many cases, these diagnoses (e.g., malaria, 
wounds, and trauma) were ones that are expected to occur at higher rates in 
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service members deployed overseas than in those remaining in the United 
States. Since personnel receiving the anthrax vaccine were those most likely 
to be deployed to areas where risks of exposure to infectious disease are 
higher, these statistical associations do not raise questions for further analy- 
sis. Statistically significant elevations in rates for outpatient visits were also 
found for certain malignant neoplasms, portal vein thrombosis, and acute 
pulmonary heart disease, among others. These statistical associations can 
raise hypotheses to be tested further in additional analyses, such as those 
described in the sections that follow to try to account for the healthy soldier 
effect. AMSA plans to continue these screening analyses as additional data 
accrue. 

Hypothesis Testing Analyses AMSA also presented data to the committee 
to address specific concerns that had been raised regarding AVA (Lange et 
al., 2001a). As described above, the analyses compared rates of hospitaliza- 
tion and of outpatient visits for selected conditions among active-duty per- 
sonnel who received one or more doses of AVA with the rates among those 
who had not yet been given AVA or who had never received AVA. Rate 
ratios were adjusted for differences between AVA recipients and AVA 
nonrecipients in terms of age, sex, rank, deployment, service, ethnicity, 
previous hospitalizations, calendar year, and occupation. Separate analyses 
for men and women were also done. Both the group that had received AVA 
and the group that had not received AVA could have received other types of 
vaccines. 

Rates were calculated for the interval from January 1998 to June 2000 
and included 515,389 person-years of observation for the group vaccinated 
with AVA and 2,873,751 person-years of observation for the group not 
vaccinated with AVA. The 12 inpatient and the 14 outpatient diagnoses 
selected for comparison were those for which concern in relation to AVA 
exposure had been publicly expressed or those that have been investigated 
in association with other vaccines. Inpatient conditions included arthropa- 
thies, asthma, connective tissue diseases, diabetes mellitus, Guillain-Barre 
syndrome, cardiac dysrhythmias, multiple sclerosis, thyroid disorders, and 
lymphatic cancers. Outpatient conditions included circulatory problems; 
endocrine or immunological conditions; genitourinary problems; connec- 
tive tissue diseases; ill-defined conditions; and respiratory, skin, and ner- 
vous system diseases. 

For each of the diagnostic categories examined, both the unadjusted 
and the adjusted rate ratios for hospitalization or outpatient visit rates for 
the group that received AVA compared with those for the group that did 
not receive AVA did not differ significantly from 1.0 (the ratio observed 
when the rates are equal). The rate ratios were less than 1.0 for nearly all of 
the diagnoses examined (ranges, 0.67 to 1.11 for hospitalizations and 0.68 
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to 0.84 for outpatient conditions), indicating lower hospitalization and 
outpatient visit rates in the group that received AVA than in the group that 
did not receive AVA. Lower rates in the group that received AVA were 
observed for all personnel combined and for the separate analyses among 
male and female soldiers. 

These data indicate that there was no excess risk of selected adverse 
health events that required either hospitalization or an outpatient visit 
among active-duty military personnel receiving AVA over a 2.5-year pe- 
riod. In fact, the group that received AVA tended to have fewer hospitaliza- 
tions or outpatient visits than the group that did not receive AVA. 

Inferences about the safety of AVA based on these hypothesis-testing 
data are limited for several reasons. First, only selected diagnoses were 
examined, and thus the analyses do not address all possible risks. In addi- 
tion, many of the diagnostic categories subsumed multiple medical condi- 
tions. Thus, risks associated with specific conditions within these categories 
might have been missed. Although deployment status was included as a 
covariate in the adjusted rate ratio analyses, this approach may not have 
been sufficient to account for the many differences in health status and 
reporting biases for those who are eligible for deployment and those who 
are not eligible for deployment. 

Subsequent Analyses to Address the Healthy Soldier Effect To address 
concerns about inherent health-related differences in personnel who did 
and did not receive AVA because of deployment and to examine a wider 
range of diagnoses, in response to the committee's request, a second set of 
analyses were performed with the DMSS data (AMSA, 2001c). Again, sev- 
eral approaches were used, and in most of these analyses, service members 
served as their own controls. Tables are found in Appendix G. 

Postimmunization Versus Preimmunization Analyses: Overall Analyses In 
the first analysis, the hospitalization rates in the time period after the re- 
ceipt of one or more doses of AVA were compared with the rates in the 
period before the receipt of AVA for the population of service members 
who had received at least one dose of AVA. The analyses included the 
active-duty personnel who had received one or more doses of AVA between 
January 1, 1998, and December 31, 2000. Pre- and postimmunization 
cohorts were established on the basis of each individual's daily immuniza- 
tion status during that time frame. Therefore each individual could contrib- 
ute a different amount of preimmunization time depending upon his or her 
time in the military prior to receiving AVA. Rate ratios (the rate after 
vaccination with AVA versus the rate before vaccination with AVA) were 
calculated for hospitalizations for 843 specific diagnoses (identified on the 
basis of three-digit ICD-9-CM codes) and were adjusted by Poisson regres- 
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sion methods for up to 11 covariates. Ratios were calculated only for 
diagnoses with at least five hospitalizations in each comparison group. 

The results of these analyses were based on 11,436 hospitalizations 
during 478,093 person-years of observation in the preimmunization time 
period (crude rate, 23.92 per 1,000 person-years) and 21,436 hospitaliza- 
tions during 738,382 years of observation in the postimmunization time 
period (crude rate, 29.03 per 1,000 person-years). The unadjusted overall 
rate ratio (the rate after vaccination with AVA versus the rate before vacci- 
nation with AVA) for hospitalization was 1.21. Hospitalization rates in the 
period after vaccination with AVA were higher than those in the period 
before vaccination for about one-half (414 of 843) of the diagnoses and 
were lower than those in the period before vaccination for the others. Of 
the conditions with rate ratios significantly different from 1.0, hospitaliza- 
tion rates in the period after vaccination were statistically significantly 
elevated for 15 conditions (see Appendix G, Table G-l) and were statisti- 
cally significantly reduced for 12 conditions. One would have expected 
rates for about 42 diagnoses to be significantly different in the intervals 
before and after vaccination with AVA just by chance, given the large 
number of conditions examined. The significantly elevated rate ratios ranged 
from 1.31 (95 percent CI = 1.04 to 1.65) for inguinal hernia (ICD-9-CM 
code 550) to 5.14 (95 percent CI = 1.81 to 14.57) for carcinoma in situ of 
the breast and genitourinary system (ICD-9-CM code 233). The rate of 
hospitalization for diabetes mellitus was increased 3.46-fold (95 percent CI 
= 1.51 to 7.90) in the interval after vaccination with AVA. 

Comparison of rates of hospitalization in the same individual before 
and after the receipt of AVA removes many of the biases inherent in com- 
paring groups vaccinated with AVA and groups not vaccinated with AVA. 
However, one limitation of comparisons based on a single individual is that 
for very serious medical conditions (e.g., aplastic anemia or multiple sclero- 
sis) the interval before vaccination with AVA will by definition have few or 
no events, since if such events had occurred, the soldier would likely never 
have been eligible to receive AVA. 

Similarly, for a diagnosis generally made on an outpatient basis, such as 
diabetes, it is possible for the rate before vaccination with AVA to be 
artificially and differentially lower since those who had the disease and who 
had been hospitalized for it would be less likely to be deployed and there- 
fore less likely to be vaccinated. A normal rate of hospitalization for the 
disease after vaccination would then appear to be an increase over the rate 
before vaccination, thus explaining the higher rate after vaccination with 
AVA without indicating that the vaccine caused the problem (particularly 
in the instance when that rate after vaccination with AVA remains below 
the expected rate for the population). In other words, the frequency of 
diabetes after receipt of AVA may appear to be elevated only because the 
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rate in the time period before vaccination is especially low due to the 
healthy soldier effect. Whether this phenomenon explains the apparent 
higher risk after vaccination with AVA can be determined by comparing the 
rate before vaccination with AVA with the rate in those who never received 
AVA. If the rate before vaccination with AVA is significantly lower than 
that in those who were never vaccinated (as it is in the case of diabetes), it 
supports the conclusion that there is no increased risk attributable to AVA. 

Postimmunization Versus Preimmunization Analyses by Time Window A 
second, similar analysis compared hospitalization rates for the same indi- 
viduals for the period before immunization with AVA and two time periods 
after immunization: 0 to 45 days and more than 45 days. This analysis was 
intended to determine whether any excess risks following exposure to AVA 
might have been obscured in the previous analysis, which used a longer, 
open-ended postvaccination time frame. The approach to the analysis was 
the same as that described above, except that the period after immunization 
was divided into two time intervals. The unadjusted overall hospitalization 
rate ratio for the first time interval (0 to 45 days postvaccination versus 
prevaccination) was 1.08 (25.81 versus 23.92 per 1,000 person-years) and 
that for the second time interval was 1.25 (29.96 versus 23.92 per 1,000 
person-years). Compared with the hospitalization rates before receipt of 
AVA, rates of hospitalization within 45 days of being given AVA were 
significantly greater than 1.0 for 13 of the 843 diagnoses examined (Appen- 
dix G, Table G-2) and significantly less than 1.0 for 7 diagnoses. Diagnoses 
for which adjusted rate ratios were statistically significantly greater than 
1.0 included diabetes mellitus (adjusted rate ratio = 3.49, 95 percent CI = 
1.39 to 8.79) and other disorders of the intestine (ICD-9-CM code 569; 
adjusted rate ratio = 4.16, 95 percent CI = 1.51 to 11.49). Most of the 
significantly elevated rate ratios in the first time period were associated 
with nonspecific diagnostic categories, such as other and unspecified disor- 
ders of the back (ICD-9-CM code 724). Given the number of diagnoses 
examined, significantly elevated rate ratios would have been expected for 
approximately 42 diagnostic categories just by chance. 

In the second time interval (>45 days after vaccination with AVA), 
adjusted rate ratios for hospitalization were significantly greater than 1.0 
for 20 of the diagnoses examined (Appendix G, Table G-2), including ratios 
of 3.44 (95 percent CI = 1.47 to 8.06) for diabetes mellitus and 2.61 (95 
percent CI = 1.06 to 6.44) for other disorders of the intestine (ICD-9-CM 
code 569). Adjusted rate ratios significantly less than 1.0 were observed for 
10 of the 843 diagnoses examined. No consistent pattern was observed 
when rate ratios for the first interval (0 to 45 days postimmunization) were 
compared with those for the second interval (>45 days postimmunization). 
That is, ratios were not uniformly either larger or smaller in the first inter- 
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val than they were in the second interval. This suggests that any excess risks 
following vaccination with AVA did not aggregate in the immediate period 
after vaccination, nor were excess risks specifically identified for conditions 
that may take some time to develop and be recognized, resulting in hospi- 
talization in the later interval after vaccination. 

Postimmunization Versus Preimmunization Analyses by Dose A third 
analysis among persons ultimately vaccinated with AVA compared rates of 
hospitalization before receipt of AVA and after receipt of either one to three 
doses or four or more doses of vaccine. This analysis was designed to 
determine whether there is a dose-response effect between the amount of 
exposure to AVA and the risk of hospitalization for specific diseases. Re- 
sults were based on 11,436 hospitalizations during 478,093 person-years of 
observation in the preimmunization time period (crude rate, 23.92 per 
1,000 person-years), 5,832 hospitalizations during 184,273 years of obser- 
vation in the cohort that received one to three doses of AVA (crude rate, 
31.65 per 1,000 person-years), and 15,604 hospitalizations during 554,109 
person-years of observation (crude rate, 28.16 per 1,000 person-years) in 
the cohort that received four or more doses of AVA. The ratios of crude 
overall hospitalization rates in the postimmunization time period compared 
with the hospitalization rates in the preimmunization time period were 1.32 
for the cohort that received one to three doses and 1.18 for the cohort that 
received four or more doses. 

In the cohort that received one to three doses, hospitalization rates for 
23 diagnoses were significantly higher than the rates before vaccination 
with AVA (Appendix G, Table G-3), and those for 5 diagnoses were signifi- 
cantly lower than the rates before vaccination with AVA. Conditions with 
significantly elevated adjusted rate ratios included diabetes mellitus (rate 
ratio = 4.98, 95 percent CI = 2.02 to 12.25), asthma (rate ratio = 2.18, 95 
percent CI = 1.37 to 3.47), and regional enteritis (rate ratio = 4.90, 95 
percent CI = 1.55 to 15.44). In those who received four or more doses, the 
hospitalization rates were significantly elevated for 13 diagnoses (Appendix 
G, Table G-4) and were significantly reduced for 10 diagnoses compared 
with the rates in the prevaccination time period. Significantly elevated ad- 
justed rate ratios in the cohort that received four or more doses included 
malignant neoplasms of the thyroid gland (rate ratio = 2.35, 95 percent CI 
= 1.01 to 5.48), diabetes mellitus (rate ratio = 3.05, 95 percent CI = 1.31 to 
7.09), other disorders of the intestine (ICD-9-CM code 569; rate ratio = 
3.24, 95 percent CI = 1.33 to 7.89), and osteochondropathies (ICD-9-CM 
code 732; rate ratio = 2.17, 95 percent CI = 1.09 to 4.32). 

Rate ratios were not calculated for multiple sclerosis since there was 
only one case in the preimmunization time period (hospitalization rate, 
0.21/100,000 population). The rates of hospitalization for multiple sclero- 
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sis were 7.60 and 3.25 per 100,000 population in the cohort that received 
one to three doses and the cohort that received four or more doses, respec- 
tively. The corresponding rate for those who never received AVA was 3.5/ 
100,000 population. Thus, the rates of hospitalization for multiple sclerosis 
were similar in those receiving the greater number of AVA doses and in 
persons who had never been immunized with AVA. 

It is also noteworthy, as mentioned earlier, that the prevaccination 
disease history of service members who received AVA because they were 
going to be deployed will, by definition, not include any severe, chronic 
conditions that would have disqualified them from deployment. For nearly 
all diagnostic groups, hospitalization rate ratios were smaller rather than 
larger for the higher-dose cohort. Thus, no dose-response effects of AVA 
and the risk of hospitalization were observed. A dose-response effect may 
not be observed, however, if persons with significant health conditions that 
required hospitalization, whether or not these conditions occurred in con- 
junction with exposure to AVA, did not receive additional doses of the 
vaccine. If this were the case, even in the presence of a true association, 
higher risk ratios would be expected for the cohort that received one to 
three doses. 

Freimmunization Versus Nonimmunization Analyses The fourth analysis 
was somewhat different from the first three in that hospitalization rates in 
the time period before vaccination with AVA for those ultimately vacci- 
nated were compared with the rates for those who were never vaccinated 
with AVA. This comparison would allow assessment of inherent differences 
in disease risk among those who received AVA at some time and those who 
never did. The results of these analyses were based on 11,436 hospitaliza- 
tions during 478,093 person-years of observation in the cohort evaluated 
before immunization (crude rate, 23.92 per 1,000 person-years) and 
109,893 hospitalizations during 2,890,037 person-years of observation in 
the cohort that was never immunized (crude rate, 38.02 per 1,000 person- 
years). The unadjusted overall rate ratio for hospitalization (preimmuniza- 
tion versus never immunized) was 0.63. The rate ratios for all major catego- 
ries but one (diseases of the skin; adjusted rate ratio = 1.01) were less than 
1.0, as would be expected if those who would receive AVA were healthier 
than those who never received AVA. These rate ratios ranged from 0.29 to 
0.91, indicating for many conditions a substantial healthy soldier effect. 
Hospitalization rates for specific diagnoses of diabetes mellitus, regional 
enteritis, other disorders of the intestine, and multiple sclerosis were also 
significantly lower in the preimmunization cohort (rates provided in the 
interpretation section below). For five diagnoses (malaria; erythematous 
conditions; superficial injury of elbow, forearm, and wrist; toxic effect of 
carbon monoxide; and effects of air pressure), hospitalization rates were 
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statistically significantly higher for the preimmunization cohort than in 
those never immunized (Appendix G, Table G-4). Overall, the results of 
these analyses confirm that those who ultimately received AVA were 
healthier as a group, even before receipt of the vaccine, than those who 
never received AVA. 

Postimmunization Versus Preimmunization Analyses, Including Those 
Unvaccinated The final analyses, done separately for men and women, 
compared the rates of hospitalization for specific diagnoses during the 
period before receipt of AVA with the rates after receipt of the first dose of 
AVA. The population included all personnel on active duty between Janu- 
ary 1, 1998, and December 31, 2000. In this comparison, the rates for the 
preimmunization cohort were based on those for all active-duty personnel, 
including those who never received AVA, whereas the postimmunization 
time period covered the interval after receipt of the first dose of AVA 
among those who were vaccinated. Twelve specific diagnoses were investi- 
gated: arthropathies and related disorders; asthma; diffuse disease of con- 
nective tissue; diabetes mellitus; disease of the ear and mastoid process; 
inflammatory and toxic neuropathy; cardiac dysrhythmias; lymphosarcoma 
and reticulosarcoma; multiple sclerosis; acute myocardial infarction; disor- 
ders of the thyroid gland; and diseases of the esophagus, stomach, and 
duodenum (Appendix G, Table G-5). 

Among the women, there were 1,847 hospitalizations and 509,265 
person-years of observation in the preimmunization cohort and 268 hospi- 
talizations and 73,947 years of observation in the postimmunization co- 
hort. Among the men, there were 11,684 hospitalizations and 2,858,865 
person-years of observation in the preimmunization cohort and 2,361 hos- 
pitalizations and 664,434 years of observation in the postimmunization 
cohort. Among the men, none of the adjusted rate ratios (rates before 
vaccination with AVA versus the rates after vaccination with AVA) were 
significantly greater than 1.0, and the rate ratios ranged from 0.65 to 1.02. 
Among the women, however, the rate of hospitalization for multiple sclero- 
sis was significantly increased for the postimmunization cohort compared 
with that for the preimmunization cohort (rate ratio = 2.14, 95 percent CI 
= 1.14 to 4.01). When analyses were restricted to incident cases so that 
multiple hospitalizations of the same woman would not be counted, the 
adjusted rate ratio for multiple sclerosis in the postimmunization interval 
versus that in the preimmunization interval was no longer significantly 
elevated (rate ratio = 1.26; 95 percent CI = 0.50 to 3.14). 

The major limitation of this sex-specific analysis is that postimmuniza- 
tion rates (which are, by definition, based only on those for persons who 
received AVA) were compared with the preimmunization rates among all 
active-duty personnel. The latter group includes both those who would go 
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on to receive AVA and those who were never immunized with AVA. Use of 
this comparison group would likely reduce the magnitude of any AVA- 
associated hospitalizations. On the other hand, it provides a somewhat 
"fairer" comparison for rates of hospitalization for severe conditions, such 
as aplastic anemia, that would have precluded ever receiving AVA. 

Interpretation of Analyses of Data from DMSS Databases The committee 
emphasizes that the statistically significant associations observed above are 
not necessarily causal associations and, indeed, most likely are not causal 
associations. The interpretation of data such as these requires careful atten- 
tion to several important but often subtle matters. For example, upon initial 
review of the postexposure versus the preexposure data (i.e., the initial 
analyses performed to evaluate risks while controlling for the healthy sol- 
dier effect), the results appeared to suggest an elevated risk of hospitaliza- 
tion for diabetes mellitus after receipt of AVA. At first blush, this could be 
evidence that AVA uncovers cases of diabetes that otherwise might not 
have been detected, as has been postulated for viral infections (Robles and 
Eisenbarth, 2001). 

However, upon closer examination, a causal link appears to be un- 
likely. One possibility for observing a significant increase in rates of hospi- 
talization for diabetes would simply be chance. In fact, 27 different condi- 
tions were found to be statistically significantly associated with AVA (15 
conditions with rate ratios greater than 1.0 and 12 conditions with rate 
ratios less than 1.0), but 42 diagnoses would be expected to be significantly 
different in the periods before and after vaccination with AVA purely by 
chance because of the large number of conditions examined. By use of a 
conventional p value standard of .05, one would expect 1 in 20 findings to 
be statistically significant just by chance. However, in this situation that 
explanation appears to be unlikely. In examining the results stratified by 
sex, they are completely consistent. Yet there is only a 1 in 400 probability 
(0.05 x 0.05) that the results could be significant for both men and women 
independently purely by chance. 

Instead, other patterns in the data make it clear that this association is 
unlikely to be causal. First, the elevated risk is present to the same degree in 
the time period >45 days after vaccination as in the time period 0 to 45 days 
after vaccination. This seems unlikely, although not impossible, if the 
mechanism was causal. 

Diabetes is a common disease that is normally treated on an outpatient 
basis. Data on outpatient care, however, do not appear in the detailed 
DMSS analyses available to the committee at the time the report was writ- 
ten. A selection bias may affect data on hospitalizations for diabetes. If 
soldiers with known diabetes who were treated as outpatients were less 
likely to be deployed, they would be less likely to receive AVA. The result 
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would be a lower than normal rate of hospitalization for diabetes before 
vaccination among those who would ultimately receive AVA. Comparison 
of a normal rate of hospitalization for diabetes after vaccination with this 
lower rate before vaccination would produce the false appearance of a 
positive association, and this false signal would persist, regardless of 
whether one were examining the time period right after the vaccination (0 
to 45 days) or the time period thereafter (>45 days). 

How can one be confident that the true explanation is this selection 
bias rather than a causal connection? A separate analysis compared the 
rates of hospitalization for any of 843 diagnoses in the prevaccination 
period with the rates for those who were never vaccinated. In general, the 
rates of hospitalization prevaccination were lower than the rates in the 
group that was never vaccinated, confirming the healthy soldier effect. The 
adjusted rate ratios varied, but most often they were about 0.7 or 0.8. 
However, for diabetes the comparable adjusted rate ratio was 0.12 (95 
percent CI = 0.06 to 0.24). Thus, those who received AVA were dramati- 
cally less likely to be hospitalized for diabetes than those who were never 
vaccinated. The normal rate of spontaneous development of diabetes after 
vaccination would therefore falsely appear as an increased risk. The same 
was true when the prevaccination rates were compared with the rates in 
those who never received AVA for some of the other apparent signals, such 
as regional enteritis (rate ratio = 0.14, 95 percent CI = 0.06 to 0.35) and 
other disorders of the intestine (rate ratio = 0.28, 95 percent CI = 0.12 to 
0.64). For multiple sclerosis a selection bias seems even more likely, with a 
hospitalization rate ratio of about 0.06 for the preimmunization cohort 
versus those never vaccinated with AVA (based on only one 
preimmunization case of multiple sclerosis). 

Overall, the analyses of data from DMSS were very reassuring. They 
indicate that exposure to AVA is not associated with a significantly in- 
creased risk for any condition of later onset that cannot be otherwise ex- 
plained by biases inherent in this type of analysis. Several possible "signals" 
were observed, however. Signals are the earliest indication of a possible 
causal relationship between an exposure and a health event. These condi- 
tions include diabetes, regional enteritis, and multiple sclerosis. The 
committee's judgment is that these signals are probably not causally linked 
to exposure to AVA but most likely are due to random error or biases. 
However, a causal link cannot be completely excluded. Thus, these signals 
deserve continued surveillance; in addition, ad hoc studies are required to 
further explore the possible links of these signals with exposure to AVA. 
Such studies could involve additional analyses with data from DMSS, as 
well as examination of medical records to validate the diagnosis and the 
timing of the onset of symptoms in relation to the vaccine exposure. 

The committee was impressed by the creativity and rigor of the military 
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professional staff working with the data in the DMSS databases and their 
productivity. However, the committee also counsels great caution in the use 
of approaches that use such data collected through automated systems for 
signal generation. As expected by chance alone, the rates of several diseases 
and conditions will predictably appear to be elevated in one group or 
another. Although random error and bias are likely explanations for these 
increases, other conclusions might also be drawn. In other words, these 
preliminary findings should lead to further examination of the data. The 
current DoD approach and organization focus on screening DMSS data for 
hypotheses. DoD should, however, devote more attention and resources to 
the evaluation of these hypotheses, as was begun in response to the 
committee's inquiries. As has been articulated in a set of good epidemiology 
practices developed for use with similar administrative and clinical data sets 
in civilian practice (Andrews et al., 1996), analysis of such data requires the 
exercise of great caution and a commitment to devote the necessary re- 
sources to explore the possible associations that might surface from such 
exercises. Chapter 8 discusses recommended improvements for use of DMSS 
data. 

Thus, finding an increased rate of occurrence of one or more adverse 
events must be considered a signal until proper review provides an alterna- 
tive explanation. Criteria for determination of which signals should be 
further evaluated need to be developed and routinely applied. At a mini- 
mum, a system for retrieval and review of primary medical records is re- 
quired to be able to rule out coding and classification errors, to search for 
subtle but possibly explanatory variables that may confound an associa- 
tion, or to differentiate a true signal from a statistical chance event. 

Finding: DMSS data are screened quarterly to identify statistically sig- 
nificant elevations in hospitalization and outpatient visit rate ratios 
associated with receipt of AVA. In this way, DMSS promises to be very 
useful as a tool for hypothesis generation. 

Finding: The elevated rates of specific diagnoses in the various analyses 
of DMSS data are not unexpected per se; that is, they appear to be 
explicable by chance alone. The bias of selection of healthy individuals 
for receipt of AVA is also a likely explanation for some observed asso- 
ciations. Thus these elevated rates should not be automatically viewed 
as an indication of a causal association with the receipt of AVA. How- 
ever, additional follow-up is needed. 

Recommendation: AMSA staff should follow up the currently unex- 
plained elevations in hospitalization rate ratios for certain diagnostic 
categories among the cohorts of AVA recipients. Studies might include 
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additional analyses with the database or examination of medical records 
to validate and better understand the exposures and outcomes in ques- 
tion. A protocol should be developed to ensure that such follow-up 
regularly and reliably occurs after a potential signal is generated. 

Finding: Examination of data from the DMSS database to investigate 
potential signals suggested by VAERS reports related to vaccination 
with AVA has not detected elevated risks for any of these signals for the 
vaccinated population, although continued monitoring is warranted. 

PRELIMINARY INFORMATION ON ANALYSIS OF 
DATA ON BIRTH DEFECTS 

As it was completing its work, the committee received information 
about a record-linkage study at the DoD Center for Deployment Health 
Research by Ryan and colleagues (Ryan, 2002) of the risk of birth defects 
among children born to women in the military who were vaccinated with 
AVA. Although the analysis was not complete as of February 2002, pre- 
liminary results suggesting a possible increase in risk were noted in the 
January 2002 revision of the product insert for AVA and in informed- 
consent documents provided in December 2001 to individuals who were 
offered vaccination with AVA as supplemental prophylaxis following pos- 
sible exposure to anthrax spores in the autumn 2001. 

The analysis compares the prevalence of birth defects among children 
born to women in the military who received AVA during the first trimester 
of pregnancy with the prevalence of birth defects among children of mili- 
tary women who received AVA at any other times, according to records in 
the DoD Birth Defects Registry and the DoD database that stores informa- 
tion on AVA immunizations given to military personnel. Established in 
1998, the DoD Birth Defects Registry contains information on infants with 
birth defects (ICD-9-CM codes 740.0-760.71) diagnosed within the first 
year of life (Ryan et al., 2001). The registry data are captured from data- 
bases on DoD-financed hospitalizations and ambulatory care in military 
and civilian facilities. 

For the period 1998-1999, approximately 3,000 infants were born to 
military women with a record of having received at least one dose of AVA. 
Comparisons were adjusted for maternal age, race, marital status, service 
branch, rank, and occupational group. No quantitative results from this 
study were available to the committee, but they were reported to indicate a 
small but statistically significant association between anthrax vaccine expo- 
sure in the first trimester of pregnancy and the frequency of birth defects 
diagnoses. 
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The authors acknowledge several of the limitations of their preliminary 
analysis. The timing of exposure to AVA (i.e., whether or not it occurred in 
the first trimester) was not precisely known for each infant but rather was 
estimated based on traditional gestational age cut points for term, preterm, 
and very preterm infants. Thus, time of exposure was subject to mis-classi- 
fication because of the manner in which exposure periods were estimated. 
Inexact vaccination dates could also contribute to misclassification of time 
of exposure. In addition, it appears that all "major" birth defects were 
combined, which may not be biologically appropriate. The accuracy of 
identification of birth defects is uncertain, and analyses were not adjusted 
for differences between groups in other factors that might influence risk of 
birth defects such as maternal alcohol use, exposure to medications, or use 
of folic acid supplements. The number of infants exposed during the first 
trimester is relatively small, making estimates of risk derived from such 
analyses highly uncertain. These limitations again emphasize the need to 
distinguish possible "signals" generated by exploration of large databases, 
which require further and more definitive studies, from findings of causal 
associations. 

These study results remain preliminary and therefore may change with 
further analysis. Because of the importance of this issue, the study investiga- 
tors are working rapidly to validate both exposures and outcomes using 
primary data sources, which is highly appropriate. In the meantime, the 
standing DoD policy to avoid immunization of women during pregnancy 
has been reiterated, which is also appropriate. Further conclusions about 
the safety of AVA during pregnancy must await the results of this and other 
studies. 

CONCLUSIONS REGARDING AVA VACCINATION 
AND ADVERSE EVENTS 

The committee has reviewed information from a variety of sources, 
including VAERS and DMSS, on the association between vaccination with 
AVA and adverse events. For AVA, as with any vaccine, it is essential in 
assessing questions regarding the safety of the vaccine to distinguish be- 
tween immediate-onset health events that are observable within hours or 
days following vaccination and later-onset events that would be observable 
only months or years following vaccination. 

On the question of immediate-onset health events, substantial amounts 
of data are now available from VAERS, DMSS, and epidemiologic studies. 
The committee concluded that vaccination with AVA is associated with 
certain acute local and systemic effects. Epidemiologic studies have consis- 
tently found, using either active surveillance (Brachman et al., 1962; 
Pittman, 2001b,c; Pittman et al., 1997, 2002, in press) or passive surveil- 
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lance (Hoffman et al., submitted for publication; Pittman, 2001a; Pittman 
et al., 2001a,b; Wasserman, 2001), that some AVA vaccinees experience 
local reactions at the injection site that include redness, induration, edema, 
itching, or tenderness. Systemic events, such as fever, malaise, and myalgia, 
are also associated with vaccination with AVA, but these reactions are 
generally less common than reactions at the injection site. The types of local 
and systemic reactions associated with AVA and the rates at which they 
were observed are comparable to those observed with other vaccines regu- 
larly administered to adults, such as diphtheria and tetanus toxoids and 
influenza vaccines (Treanor, 2001). The available data also indicate that 
although these immediate-onset health effects can be serious enough in 
some individuals to result in brief limitation of activities or the loss of time 
from work (Hoffman et al., submitted for publication; Wasserman, 2001), 
the effects are self-limited and result in no serious, permanent health im- 
pairments (AMSA, 2001a,b,c; Grabenstein, 2000; Lange et al., 2001a,b; 
Mason et al., 2001, submitted for publication; Rehme, 2001; Rehme et al., 
2002; Sato, 2001a,b; Sato et al., 2001). 

Questions have been raised about differences between men and women 
in their reactions following vaccination with AVA. The committee con- 
cluded that the available data from studies that have used both active and 
passive surveillance indicate that there are sex differences in local reactions 
at the injection site following vaccination with AVA. Women are more 
likely than men to experience and report erythema, local tenderness, subcu- 
taneous nodules, itching, and edema (Hoffman et al., submitted for publi- 
cation; Pittman, 2001a,b; Pittman et al., 2001a,b, 2002; Wasserman, 2001). 
In addition, some systemic effects, including fever, headache, malaise, and 
chills, were sometimes reported more often by women than by men 
(Hoffman et al., submitted for publication; Pittman, 2001a; Pittman et al., 
2001a,b), but, unlike local reactions, the rates of systemic reactions did not 
differ substantially between men and women when the outcomes were 
evaluated clinically (Pittman, 2001b; Pittman et al., 2002). For female ser- 
vice members, reactions following vaccination with AVA may be more 
likely to have an adverse effect on their ability to perform their duties 
(Hoffman et al., submitted for publication; Wasserman, 2001). Studies of 
other vaccines have generally found higher rates of local reactions among 
women but similar rates of systemic reactions between men and women 
(Treanor, 2001). The factors that account for these sex differences are not 
known, but they could be a function of differences in muscle mass, the dose 
per unit of body mass, physiologic factors, or care-seeking behavior. Be- 
cause of the reported sex differences in reactions following vaccination with 
AVA, it will be important that future studies of vaccination with AVA 
continue to analyze data separately for men and women. 

Some of the data reviewed by the committee provided evidence of lot- 
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to-lot differences in the reactogenicity of AVA (Pittman, 2001a; Pittman et 
al., 2001a,b; CDC, 1967-1971). The information presented to the commit- 
tee on the recertification of the AVA manufacturing process suggests that 
AVA lots released for use in the future may show less variation in 
reactogenicity because of greater consistency in production, but there is no 
a priori basis for prediction of the level of reactogenicity. This and other 
concerns related to the future use of AVA are discussed further in Chapter 
7. 

AVA is unusual compared with other vaccines in that it is licensed for 
subcutaneous rather than intramuscular administration. The limited evi- 
dence available from a small study that tested changes in the dosing sched- 
ule and route of administration of the vaccine (Pittman, 2001b; Pittman et 
al., 2002) points to subcutaneous administration as a contributing factor in 
the local reactions associated with AVA. The route of administration did 
not appear to affect rates of systemic reactions. A few studies of other 
vaccines (Treanor, 2001) have also shown that subcutaneous administra- 
tion is associated with higher rates of local erythema or induration, reac- 
tions commonly reported following administration of AVA. The committee 
concluded that further investigations should be conducted to confirm 
whether a change from subcutaneous to intramuscular administration of 
AVA could reduce the rates of local reactions without impairing the effi- 
cacy of the vaccine. 

Service members and others have also expressed concerns about poten- 
tial later-onset and chronic health effects resulting from receipt of AVA. 
The committee examined the available information regarding later-onset 
health effects, but the data are limited, as they are for all vaccines. DMSS, 
which provides the best source of data for studying later-onset health ef- 
fects, currently has data on service personnel who have documented histo- 
ries of vaccination with AVA and other vaccines and who have been ob- 
served for up to a maximum of 3 years. Although AVA has been 
administered to military personnel for more than 3 years, unreliable docu- 
mentation of vaccinations before 1998 limits the use of DMSS data for 
observation of potential vaccine-related health effects over longer periods. 
The evidence available to date from analyses of DMSS data (AMSA, 
2001a,b,c; Grabenstein, 2000; Lange et al., 2001a,b; Mason et al., 2001, 
submitted for publication; Rehme, 2001; Rehme et al., submitted for pub- 
lication; Sato, 2001a,b; Sato et al., 2001) provides no convincing evidence 
at this time of elevated risks of later-onset health events among personnel 
who have received AVA. Repeated examination of a small population of 
heavily vaccinated laboratory workers provides no indication that vaccina- 
tion with AVA is associated with an obvious increase in the risk of illness 
with later onset (Peeler et al., 1958, 1965; White et al., 1974). 

The committee notes that the studies reviewed did not examine the use 
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of AVA in children, elderly individuals, or persons with chronic illnesses. In 
addition, information regarding outcomes of pregnancy following use of 
the vaccine is limited. These limitations would have to be taken into ac- 
count if AVA were being considered for use in the general population. 

FINDINGS AND RECOMMENDATIONS 

Immediate-Onset Health Events 

Finding: The data available from VAERS, DMSS, and epidemiologic 
studies indicate the following regarding immediate-onset health events 
following receipt of AVA: 

• Local events, especially redness, swelling, or nodules at the injec- 
tion site, are associated with receipt of AVA, are similar to the events 
observed following receipt of other vaccines currently in use by adults, 
and are fairly common. 

• Systemic events, such as fever, malaise, and myalgia, are associ- 
ated with receipt of AVA, are similar to the events observed following 
receipt of other vaccines currently in use by adults, but are much less 
common than local events. 

• Immediate-onset health effects can be severe enough in some indi- 
viduals to result in brief functional impairment, but these effects are 
self-limited and result in no permanent health impairments. 

• There is no evidence that life-threatening or permanently dis- 
abling immediate-onset adverse events occur at higher rates in individu- 
als who have received AVA than in the general population. 

Finding: The available data from both active and passive surveillance 
indicate that there are sex differences in local reactions following vacci- 
nation with AVA, as there are following the administration of other 
vaccines. For female service members, reactions following vaccination 
with AVA can have a transient adverse impact on their ability to per- 
form their duties. The factors that account for these sex differences are 
not known. 

Recommendation: Future monitoring and study of health events fol- 
lowing vaccination(s) with AVA (and other vaccines) should continue 
to include separate analyses of data for men and women. 

Finding: The currently licensed subcutaneous route of administration 
of AVA and the six-dose vaccination schedule appear to be associated 
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with a higher incidence of immediate-onset, local effects than is intra- 
muscular administration or a vaccination schedule with fewer doses of 
AVA. The frequencies of immediate-onset, systemic events were low 
and were not affected by the route of administration. 

Recommendation: DoD should continue to support the efforts of CDC 
to study the reactogenicity and immunogenicity of an alternative route 
of AVA administration and of a reduced number of vaccine doses. 

Later-Onset Health Events 

Finding: The available data are limited but show no convincing evi- 
dence at this time that personnel who have received AVA have elevated 
risks of later-onset health events. 

Recommendation: DoD should develop systems to enhance the capac- 
ity to monitor the occurrence of later-onset health conditions that might 
be associated with the receipt of any vaccine; the data reviewed by the 
committee do not suggest the need for special efforts of this sort for 
AVA. 
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Anthrax Vaccine Manufacture 

Anthrax Vaccine Adsorbed (AVA) is licensed for manufacture only by 
the firm BioPort, which acquired the vaccine production facility from the 
Michigan Biologic Products Institute (MBPI) in September 1998. Produc- 
tion of the vaccine had been suspended in early 1998 when the facility was 
closed for renovations. Production resumed in 1999. However, vaccine was 
not released for routine use until the Food and Drug Administration (FDA) 
approved the license supplement for the renovations, change in labels and 
package insert, and change to an outside contractor for filling on January 
31, 2002. Therefore during the period that the committee held its meetings 
and most of its deliberations, the vaccine had not yet been released for use 
following the renovations. 

Among the issues that the committee was charged with addressing is 
"validation of the manufacturing process focusing on, but not limited to, 
discrepancies identified by the Food and Drug Administration in February 
1998." This chapter provides some background to clarify this portion of 
the charge, including a description of the role of the FDA in regulating the 
manufacture and marketing of vaccines, the history of the manufacturing 
process, and problems particular to the currently licensed anthrax vaccine. 
The committee's findings regarding the manufacture of the anthrax vaccine 
are also presented. The committee's first step was to interpret the charge. 

COMMITTEE'S INTERPRETATION OF THE CHARGE 

"Manufacturing process validation" is the formal and detailed defini- 
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tion of each step in a controlled manufacturing process. The 1987 FDA 
Guideline on General Principles of Process Validation defines process vali- 
dation as "establishing documented evidence which provides a high degree 
of assurance that a specific process will consistently produce a product 
meeting its pre-determined specifications and quality attributes" (FDA, 
1987, p. 4). A manufacturer carries out this validation through careful 
documentation of all aspects of the manufacturing process, and it is over- 
seen and deemed acceptable or unacceptable by FDA. The Institute of 
Medicine (IOM) committee could not itself validate the manufacturing 
process, nor was the committee in a position to second-guess FDA's inspec- 
tion and determination of validity. The committee could, however, review 
and evaluate the process by which BioPort was working to validate the 
manufacturing process for AVA. 

The committee took the following approach to evaluating BioPort's 
validation process. The committee requested from BioPort copies of the 
Form FDA 483s (Form FDA 483 is a list of observations provided by an 
FDA investigator at the conclusion of an inspection) from FDA inspections 
conducted since 1998, as well as BioPort's responses to these inspection 
reports. The committee was specifically interested in the subset of materials 
focusing on product characterization and process validation. 

BioPort provided these documents, as well as copies of the MBPI strate- 
gic plan with updates. The documents provide detailed information about 
the responsiveness of the company to the FDA's findings and the FDA's 
evaluations of the manufacturer's progress. 

REGULATORY OVERSIGHT OF VACCINE MANUFACTURE 

All vaccines are regulated by FDA's Center for Biologies Evaluation 
and Research (CBER). As with other biologies, the development of a new 
vaccine involves preclinical research (before administration of a vaccine to 
humans), research in studies with humans in which the product is adminis- 
tered under limited study conditions, an application for licensure, and con- 
tinued monitoring after licensure and marketing. 

The application for licensure must be approved by FDA, which reviews 
the results of clinical trials and other data and information on safety and 
efficacy. FDA also reviews detailed information on the manufacturing pro- 
cess and the facility where the product will be produced and tests the 
products. Previously, sponsors of new biological product applications were 
required to apply separately for approval of the product and approval of 
the manufacturing facility (Product License Application and Establishment 
License Application, respectively), but in 1999 the regulations were modi- 
fied to combine the two into a single Biologies License Application (BLA) 
for all products licensed by CBER. 
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A vaccine product must be produced in compliance with good manu- 
facturing practices (GMPs), as specified in the Code of Federal Regula- 
tions.1 To ascertain compliance, FDA conducts periodic GMP surveillance 
inspections. In the case of vaccines, the inspections are carried out by a 
team of experts in GMPs and experts in the product in question, an ap- 
proach adopted in 1999 under the Team Biologies program. The Team 
Biologies program is a partnership between CBER and FDA's Office of 
Regulatory Affairs, designed to increase both consistency and focus in FDA's 
inspections of biologies manufacturers. When a manufacturer makes a 
change in the facility or the production process that could have a moderate 
to substantial potential to affect adversely the quality of the product, the 
manufacturer must submit a supplemental application for FDA approval of 
the change. 

Because vaccines are produced through complex procedures that de- 
pend upon living organisms, there are many points in the process where 
variance could be introduced into the final product. To ensure consistency, 
each lot of the product must be individually tested and approved before its 
release for marketing. The vaccine manufacturer must submit a sample of 
the lot along with a lot release protocol to FDA, which then reviews the lot 
testing data and, if necessary, performs additional tests. 

In the case of AVA, BioPort resumed manufacture of the vaccine in 
1999 after a pause for plant renovation. The BLA supplement for the 
renovations has been approved, and release of lots manufactured after 
renovation of the facility was approved in January 2002. One of the sources 
of difficulty in the regulatory history of AVA may be that the standard 
regulatory expectations for vaccines in general changed between the licens- 
ing of AVA in 1970 and 2001. Vaccines may, in some sense, have been 
victims of their own success: for many vaccines the decline in the disease 
burden from communicable diseases was so clear and the effectiveness of 
the vaccine was so great that there was little incentive to modify the produc- 
tion process. However, as part of its continuing quality improvement effort, 
FDA instituted more explicitly defined process validation requirements for 
the manufacture of vaccines and other products licensed before these re- 
quirements were codified. As a result, manufacturers of vaccines, including 
AVA, must now ensure that their production processes are validated. 

iCurrent Good Manufacturing Practice in Manufacturing, Processing, Packing, or Holding 
of Drugs; General (21 C.F.R. § 210 [2001]) and Current Good Manufacturing Practices for 
Finished Pharmaceuticals (21 C.F.R. § 211 [2001]). 
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ANTHRAX VACCINE DEVELOPMENT 

Research was conducted at Camp Detrick (later Fort Detrick), Mary- 
land, to develop an anthrax vaccine based on Bacillus anthracis cultures 
grown in synthetic medium without proteins or other macromolecules 
(Turnbull, 2000). In 1954, Wright and colleagues described a chemically 
defined medium that could be used to grow the bacteria and provided 
evidence that protective antigen in culture filtrates could be concentrated, 
stabilized, and partially purified by precipitation with alum to make a 
vaccine. Further refinements to simplify large-scale production included 
microaerophilic incubation (Wright and Puziss, 1957; Wright et al., 1962), 
use of a different growth medium (Puziss et al., 1963; Wright et al., 1962), 
and adsorption onto aluminum hydroxide gel (Alhydrogel) instead of pre- 
cipitation with alum (Puziss and Wright, 1963). Different strains of B. 
anthracis were evaluated for use as the vaccine strain (Auerbach and Wright, 
1955; Puziss and Wright, 1963), and ultimately, Vollum strain V770-NP1- 
R was adopted and used for the licensed anthrax vaccine (see Table 7-1 for 
a list of significant events in AVA development and manufacture). 

Anthrax Vaccine Licensure 

It is noteworthy that the landmark study evaluating the efficacy of the 
anthrax vaccine was carried out not with the vaccine that was ultimately 
licensed but with the earlier vaccine described above. The previously dis- 
cussed study by Brachman and colleagues (1962), which evaluated the 
efficacy of a protective antigen-based anthrax vaccine in wool mill workers, 
was carried out over a 4-year period between 1955 and 1959. The vaccine 
they evaluated was made by Merck Sharpe & Dohme (hereafter referred to 
as the Merck vaccine) using a nonencapsulated, nonpro-teolytic mutant of 
the Vollum strain of B. anthracis called Rl-NP that was grown in 599 
medium (Puziss and Wright, 1954) to produce protective antigen that was 
precipitated and concentrated with aluminum potassium sulfate (alum). It 
differed from the currently licensed vaccine in terms of the B. anthracis 
strain used to generate protective antigen, in the medium in which it was 
grown, in the mode of growth (aerobic rather than microaerophilic [fer- 
mentation]), and in the mode of antigen concentration and purification 
(alum precipitation rather than adsorption to aluminum hydroxide gel). In 
addition, the Merck vaccine used 0.01 percent thimerosal as a preservative, 
whereas the licensed vaccine uses 0.0025 percent benzethonium chloride 
(see Table 7-2). 

The package insert calls for subcutaneous administration of a basic 
series of six doses of 0.5 ml each. After the initial dose, subsequent doses 
are administered at 2 weeks, 4 weeks, 6 months, 12 months, and 18 months. 
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TABLE 7-1 Events in AVA Development and Manufacture 

1955-1959 Brachman et al. conduct a field evaluation of the anthrax vaccine 
manufactured by Merck and publish their results in 1962. 

1966 CDC submits an Investigational New Drug (IND) application for 
Anthrax Vaccine Adsorbed (AVA). 

Nov. 10, 1970       Division of Biologies Standards issues a product license to 
Michigan Department of Public Health (MDPH) to manufacture 
anthrax vaccine. 

1973-1975 FDA convenes an external review of AVA using safety data from 
CDC trials and efficacy data from the field evaluation of 
Brachman et al. (1962). The panel finds sufficient evidence that 
AVA is safe and effective "under the limited circumstances for 
which the vaccine is employed." 

Findings from an FDA external review are published in the Federal 
Register. 

FDA inspects the MDPH anthrax vaccine manufacturing facilities 
in January; FDA approves the renovations in July. 

MDPH becomes known as MBPI, an entity controlled by the 
Michigan State government. 

FDA conducts a surveillance inspection of MBPI (not including the 
anthrax vaccine manufacturing facilities) in which it finds 
numerous deviations from regulations. 

FDA issues MBPI a Notice of Intent to Revoke (NOIR) letter based 
on the Nov. 1996 inspection. 

MBPI responds to the NOIR letter with its Strategic Plan for 
Compliance. 

MBPI halts production of AVA sublots to begin comprehensive 
renovation. 

FDA conducts a comprehensive inspection of the MBPI facility to 
evaluate MBPI's compliance with its strategic plan. 

Secretary of Defense William Cohen implements the Anthrax 
Vaccine Immunization Program for all U.S. armed forces. 

MBPI transfers ownership to BioPort Corporation. 
FDA's GMP inspection of BioPort Corporation notes continuing 

improvement. 
Sept. 1999 Submission of BLA supplement for renovation of BioPort's AVA 

manufacturing facility. 
Nov. 1999 Preapproval inspection and complete review letter from FDA. 
Oct. 2000 FDA inspects BioPort and observes numerous deviations from 

regulations, including problems with the filling suite. 
April 2001 BioPort responds to FDA with modifications. 
2001 BioPort decommissions the filling suite and contracts with 

Hollister-Stier Laboratories to perform the AVA filling 
operation. 

Dec. 2001 Preapproval inspection of BioPort; FDA approval of the BLA 
supplement for the facility renovations. 

Jan. 2002 Inspection of the Hollister-Stier Laboratories filling operation 
facility. 

Jan. 31, 2002 FDA approval of BLA supplement for the filling operations and 
labeling change. 

Dec. 13, 1985 

1993 

1996 

Nov. 1996 

March 1997 

Apri 1997 

Jan. 1998 

Feb. 1998 

May 18, 1998 

Sept. 1998 
Oct. 1998 
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TABLE 7-2 Comparison of AVA and Merck Vaccine 
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Vaccine Product 

Characteristic AVA Merck 

Nonproteolytic, nonencapsu- 
lated strain V770-NP1-R 

1095, chemically defined 

Microaerophilic (fermentation) 

Filtration (hydrophobic, low 
protein binding) 

Adsorption (aluminum 
hydroxide) 

Decantation, centrifugation 

lOx 

Normal saline 

Aluminum hydroxide 
(0.65 mg of aluminum/dose) 

Nonproteolytic, 
nonencapsulated strain 
Rl-NP 

599, chemically defined 

Aerobic (static culture) 

Filtration (sintered glass) 

Precipitation (alum 
and acid) 

Strain 

Medium 

Growth conditions 

Means of removal 
of bacteria 

Purification and 
concentration 
procedure 

Recovery 

Concentration factor 
from culture filtrate 

Aqueous vehicle 

Adjuvant 

Preservative 

Stabilizer 

Schedule (0.5 ml/dose)     0, 2, 4 weeks; 6, 12, 18 months;     0, 2, 4 weeks; 6, 12, 18 
annual booster months; annual booster 

Decantation, 
centrifugation 

lOx 

Normal saline 

Aluminum potassium 
sulfate (0.52 mg of 
aluminum/dose) 

0.0025% Benzethonium chloride     0.01% Thimerosal 

0.01% Formaldehyde None 

Route 

Amount of protein 
per dose 

Subcutaneous 

Approximately 50 ng 

Subcutaneous 

Unknown 

SOURCES: Giri et al. (2001), Myers et al. (2001). 

Annual boosters are required. The evidence to justify this dosing schedule is 
limited. An alum-precipitated predecessor of AVA was given to 55 volun- 
teers in two 0.5-milliliter (ml) injections given subcutaneously 2 weeks 
apart and found to be acceptable (Wright et al., 1954). A group of 660 
people were then given three subcutaneous injections of this same vaccine 
at 2-week intervals, followed by a booster dose of 0.25 ml after 6 months. 
No significant local reactions were reported after the first dose, but 0.6 
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percent of 650 people receiving the second dose and 2.2 percent of 537 
people receiving the third dose reported significant local reactions. Of 445 
people receiving a booster dose, 2.6 percent reported significant local reac- 
tions. Systemic reactions were reported after 0.7 percent of doses, but 
information was not provided by dose (Wright et al., 1954). Brachman and 
colleagues (1962) used the same vaccine with a schedule of three 0.5-ml 
subcutaneous injections given at 2-week intervals, followed by three 0.5-ml 
booster doses given at 6-month intervals (see Chapters 3 and 6 for addi- 
tional discussion of this study). Thereafter booster doses were given at 
yearly intervals. This schedule was then used for the studies leading to 
licensure of AVA. As mentioned in Chapters 3 and 6, a pilot study has been 
conducted to evaluate changes in both the route of administration and the 
dosing schedule (Pittman, 2001; Pittman et al., 2002). A clinical trial will 
soon begin to further evaluate these modifications. 

The Centers for Disease Control and Prevention (CDC) submitted an 
Investigational New Drug (IND) application for anthrax vaccine to the 
Division of Biologies Standards (DBS) of the National Institutes of Health 
on April 14,1966 (Elengold, 2000). Although Merck Sharp & Dohme had 
produced one of the vaccine lots evaluated early in the study, the Michigan 
Department of Public Health (MDPH) made the remainder of the lots 
evaluated. In 1968, MDPH was awarded a 3-year contract to produce the 
vaccine. The manufacturing process was that described by Puziss and col- 
leagues in 1963. The process was also described in the materials provided 
with the progress reports to DBS under the IND application (CDC, 1967- 
1971). (Safety and efficacy data from the five annual progress reports sub- 
mitted as part of the IND application are presented elsewhere in this re- 
port.) Additional data indicating that the vaccine protected guinea pigs 
from challenge were also submitted (Pittman, 1969). An ad hoc committee 
involved with review of the vaccine expressed the desire for additional 
efficacy data as well as for comparisons of sera from human recipients of 
the Merck vaccine with sera from recipients of the MDPH vaccine but 
recommended that licensure be granted (Feeley et al., 1969; Pittman, 1969). 
On the basis of the information submitted, DBS issued a product license to 
MDPH to manufacture AVA on November 10,1970 (Elengold, 2000). 

Rereview of Anthrax Vaccine 

In 1972, DBS was moved from NIH to become part of FDA, where it 
was called the Bureau of Biologies (Parkman and Hardegree, 1999). FDA 
began a process of reexamining the vaccines that had already been licensed 
to evaluate their safety and efficacy. FDA assigned initial review of each 
category of biological products to a separate independent advisory panel 
that was charged with preparing a report for the FDA commissioner to 
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1. Evaluate the safety and effectiveness of the biological products, 
2. Review labeling of the biological products, and 
3. Identify the biological products under review that are safe, effec- 

tive, and not misbranded (FDA, 1985, p. 51002). 

The advisory report includes recommendations classifying products into 
one of three categories: 

• Category I designates those biological products determined by the 
panel to be safe, effective, and not misbranded; 

• Category II designates those biological products determined by the 
panel to be unsafe, ineffective, or misbranded; and 

• Category III designates those biological products determined by the 
panel not to fall within either Category I or II on the basis of the panel's 
conclusion that the available data are insufficient to classify such biological 
products and for which further testing is therefore required (p. 51002). 

The panel appointed to review data on bacterial vaccines, toxoids, 
related antitoxins, and immune globulins evaluated AVA. The panel met 
numerous times from 1973 to 1975. Its final report on all the products that 
it reviewed was published in the Federal Register in 1985. In that report the 
panel recommended that AVA be placed in Category I, the category of 
products determined to be safe, effective, and not misbranded "because 
there is substantial evidence of safety and effectiveness for this product" (p. 
51058). The panel found the vaccine to be "fairly well tolerated with the 
majority of reactions consisting of local erythema and edema. Severe local 
reactions and systemic reactions are relatively rare" (p. 51058). The panel 
found that the safety of the product was "not a major concern, especially 
considering its very limited distribution and the benefit-to-risk aspects of 
occupational exposure in those individuals for whom it is indicated" (p. 
51058). The panel noted that the product was intended solely for use for 
immunization of high-risk individuals such as industrial populations work- 
ing with animal hides and other products and laboratory workers handling 
the organism. In considering efficacy, it found protection against cutaneous 
anthrax in fully immunized subjects to be adequately established by the 
study by Brachman and colleagues (1962), who used "the very similar 
Merck . . . vaccine" (p. 51058). The panel reported that "no meaningful 
assessment of its value against inhalation anthrax is possible due to its low 
incidence" (p. 51058). 

Anthrax Vaccine Manufacturing Process and Vaccine Constituents 

Briefly, the process for manufacturing the licensed vaccine is as follows 
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(Giri et al., 2001; CDC, 1967-1971; Puziss et al., 1963): an inoculum of 
nonencapsulated, nonproteolytic, avirulent B. anthracis strain V770-NP1- 
R is placed into sterile growth medium 1095. This chemically defined 
growth medium, described by Wright and colleagues in 1962, contains 
amino acids, minerals, glucose, and other specified ingredients found to be 
optimal for growth of B. anthracis. Bacterial growth takes place through 
fermentation under microaerophilic (limited oxygen) conditions. The in- 
oculated medium is slowly agitated and held at 37 ± 0.5°C for 23 ± 1 hours 
in each of two fermentors (volumes of 10 and 100 liters, respectively) while 
pH and glucose levels are monitored (Puziss et al., 1963; Myers, 2001). 

After incubation, the mixture is filtered by use of hydrophobic, low- 
protein binding filters. On completion of filtration, sterile aluminum hy- 
droxide gel is added and the mixture is stirred for 17 + 1 hours. The 
supernatant (fluid) is removed after a period of settling (73 ± 1 hours) and 
again after a centrifugation step. The aluminum hydroxide-adsorbed anti- 
gen is resuspended in a physiological saline solution that contains formalde- 
hyde (final concentration: 0.01 percent) as a stabilizer and benzethonium 
chloride (final concentration: 0.0025 percent) as a preservative. Tests for 
stability, purity, and potency are carried out, and the vaccine is filled in 10- 
dose vials, stoppered, and sealed before it is labeled and packaged for use. 

The time required to manufacture a lot of AVA is approximately 22 
weeks from the initiation of sublot production to release for distribution by 
FDA. The approximate timeline is shown in Table 7-3, but actual times for 
any given lot may be longer or shorter. 

Vaccines are licensed with defined dating periods, but the regulations2 

provide that FDA may grant an extension of the expiration dates if the lot 
in question passes potency and sterility tests. AVA was previously licensed 
for up to 36 months from the date of manufacture when stored at 2 to 8°C, 
including both time in manufacturer's storage and time in distribution 
(Elengold, 2001). 

One example of the evolution in vaccine standards that has taken place 
over the last 30 years lies in the characterization of vaccine constituents. In 
contrast to the development of AVA and other vaccines of an earlier era, 
consider the analytical data assembled for recombinant hepatitis B vaccines 
for adults, which were licensed in the late 1980s. In the prelicensing phase 
of research, physicochemical, immunological, and molecular biological test 
methods were all used to provide evidence of the identity, purity, and 
genetic stability of the protein product (Parkman and Hardegree, 1999). 
Protein characterization techniques included sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis (SDS-PAGE), peptide mapping, amino acid 

2Date of Manufacture. 21 C.F.R. § 610.50 (2001). 
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TABLE 7-3 Timeline for Production of AVA 

Activity Week 

Initiate sublot production 1 
Formulate bulk lot 7 
Fill into vials 9 
Complete testing 15 
Submit release protocol to FDA 17 
Release for distribution by FDA 22 

SOURCE: Myers (2002b). 

composition analysis, amino-terminal sequencing, and high-performance 
size-exclusion chromatography. Immunological techniques included West- 
ern blotting for hepatitis B surface antigen and contaminating yeast pro- 
teins, radioimmunoassay, enzyme-linked immunosorbent assay (ELISA), 
and immunogenicity in mice. 

Few protein characterization and immunological techniques were avail- 
able, however, to describe or specify the constituents of the anthrax vaccine 
when it was developed and refined in the 1950s and 1960s. Evaluations of 
the product relied heavily on comparison of relative potency in animals. For 
example, the relative success of various vaccine formulations was assessed 
on the basis of the production of effective immunity in rabbits, guinea pigs, 
and monkeys. Puziss and Wright's assay of protective antigen (1954) con- 
sisted of estimating "protective antigen activity" by immunization and chal- 
lenge of guinea pigs. In their study described in a 1962 paper, Wright and 
colleagues also used complement fixation titrations (McGann et al., 1961) 
to estimate levels of protective antigen. 

Detailed characterization of vaccine constituents was not routine in 
the 1960s. The anthrax vaccine was licensed in 1970, and the specifications 
of vaccine constituents consisted only of the amounts of stabilizer, preser- 
vative, and adjuvant added. No required amount of protective antigen was 
originally specified in the vaccine license, nor are the maximum (or mini- 
mum) amounts of other components that might be of interest or concern, 
such as edema factor (EF) or lethal factor (LF). The criteria for lot release 
were simply that the vaccine pass the necessary potency, safety, and purity 
tests. 

Today, with detailed characterization of vaccine constituents clearly 
feasible, BioPort has undertaken analyses to characterize AVA in support of 
ongoing process validation studies (Winberry et al., 2001). One challenge is 
the development of an easy and reliable desorption procedure for the sepa- 
ration of vaccine constituents from Alhydrogel. Because of the difficulty of 
conducting desorption from Alhydrogel, BioPort investigators analyzed 
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aliquots of the fermentation filtrate before adsorption. By use of the 
Bradford (1976) method to determine protein concentration, SDS-PAGE 
separation, Western blotting, and ELISA, a typical fermentation filtrate was 
determined to contain 10 micrograms (ug) of Bradford protein per millili- 
ter; over 40 percent protective antigen, based on SDS-PAGE and Western 
blotting; and 2 to 4 ug of protective antigen per milliliter, based on ELISA. 
No detectable EF was found by Western blotting, but LF was determined 
by ELISA to be present in the range of 10 to 30 nanograms per milliliter of 
filtrate (Winberry et al., 2001). 

To explore the biological activity of the LF in the vaccine, the mouse 
macrophage cytotoxicity assay was performed on 11 vaccine lots. Initial 
results indicated that the small-molecular-weight additives Phemerol 
(benzethonium chloride) and formaldehyde have minor toxic effects on 
macrophage cells. After their removal by dialysis, no toxic effect on the cells 
was evident. BioPort investigators concluded that the small amount of LF 
present in the vaccine is inactive and noted that further studies on charac- 
terization of the filtrate and the final formulated vaccine were ongoing 
(Winberry et al., 2001). 

In agreement with FDA, BioPort has changed several manufacturing 
parameters for the production of AVA to provide greater assurance of 
product consistency. As depicted in Figure 7-1, these changes apply to 
aspects of production from temperature and time of fermentation to char- 
acteristics of the final product. Manufactured lots of vaccine must contain 
between 5 and 20 ug of total protein per milliliter, with no less than 35 
percent of this protein consisting of the 83-kilodalton (kDa) protective 
antigen (precursor), to be acceptable (Giri et al., 2001). Data from 36 
sublots combined as groups of 12 to obtain three consistent lots of filtrate 
found the Bradford protein to be present at a mean concentration of 7.7 ug/ 
ml, with a concentration range of 5.1 to 15.8 ug/ml. The mean percentage 
of protective antigen, based on densitometric scans of the 83-kDa band on 
SDS-polyacrylamide gels, was 65.6 percent (range, 48.2 to 84.6 percent) for 
the 36 sublots (Myers, 2002a). 

REGULATORY ACTIONS CONCERNING AVA MANUFACTURE 

MDPH, a state-owned and -run facility, received the license to manu- 
facture AVA in 1970 and produced vaccine until the facility was transferred 
to MBPI in 1995. In September 1998 the facility was sold to the private 
company BioPort, but the existing MBPI management team was retained 
(see Table 7-1). 

FDA conducted an inspection of the MDPH anthrax vaccine manufac- 
turing facility in January 1993, which was followed in July 1993 by FDA 
approval of amendments to the license application for new equipment and 
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Manufacturing 
Process 

Parameters 
Changed 

Sublot Fermentation 
Narrowed range for fermentation 
time and temperature 

Narrowed range for mixing speed 

Established upper limit for 
filtration time 

r i 

Sublot Filtrate 
Established range for total protein 

Established lower limit of 35% PA 
precursor as proportion of total 
protein 

r i 

Vaccine Sublot 

i ' 
AVA Final Lot 

(12 sublots pooled) 

FIGURE 7-1 Changes to parameters of the Anthrax Vaccine Adsorbed manufac- 
turing process. 
SOURCES: Giri et al. (2001), Myers (2002a,b). 

facilities (Donlon, 1993; FDA, 1993). Meanwhile, FDA inspections of 
MDPH product lines other than AVA in 1993 and 1995 resulted in findings 
of significant deviations from GMP and an official warning letter. 

During a follow-up inspection of MBPI conducted in November 1996 
that did not include the facilities for manufacture of AVA, FDA docu- 
mented many deviations from the Food, Drug, and Cosmetic Act, FDA 
regulations, and current GMPs for the manufacture of blood-derived prod- 
ucts and bacterial vaccines other than AVA (Elengold, 2000, 2001; Zoon, 
1997). FDA issued a Notice of Intent to Revoke (NOIR) letter to MBPI in 
March 1997, stating that if MBPFs corrective actions proved to be inad- 
equate, FDA might revoke its licenses. The letter did not mandate closure of 



192 THE ANTHRAX VACCINE: IS IT SAFE? DOES IT WORK? 

the facility or involve seizure of finished product (Zoon, 1997). MBPI's 
response to the NOIR letter was a Strategic Plan for Compliance, provided 
to FDA in April 1997. Periodic updates to the strategic plan that reported 
on MBPI's progress were also provided to FDA (Michigan Biologic Prod- 
ucts Institute, 1997-1998). In January 1998, after completion of renova- 
tion planning, MBPI shut down the anthrax vaccine production facility for 
planned renovations. 

In February 1998, FDA conducted a comprehensive inspection cover- 
ing all product lines of the facility to evaluate MBPI's compliance with the 
strategic plan. The inspection, which covered the manufacture and testing 
of all lots of AVA as well as other products, found that MBPI had made 
progress in achieving its compliance goals but that there were "significant 
deviations from FDA's regulations" (Elengold, 2000, p. 2; FDA, 1998a). 
The FDA inspection report noted that the manufacturing process for an- 
thrax vaccine was not validated and included detailed lists of equipment or 
processes that had not been adequately described, specified, or documented. 
It reported a lack of written procedures or specifications for examination, 
rejection, and disposition of sublots of vaccine and problems with sample 
selection for potency testing, assignment of expiration dates, and documen- 
tation of justification for redating of expired lots. Many problems were also 
identified in the stability program (FDA, 1999a). As a result of this inspec- 
tion, MBPI voluntarily quarantined several lots of vaccine after consulta- 
tion with FDA (FDA, 1999a, p. 14). The facilities were transferred to 
BioPort in September 1998. 

Another FDA inspection of the facility (now BioPort's facility) took 
place in October 1998. The inspection covered AVA and other product 
lines. Regarding AVA, the inspection found problems in the program for 
monitoring the stability of the vaccine (FDA, 1998b), but it also noted 
progress in many of the areas of observations made in the February 1998 
Form FDA 483 (FDA, 1999a, pp. 20-23). 

In September 1999, BioPort submitted a supplement to its BLA to FDA 
covering the renovations to the manufacturing facility. As part of its review 
of that application, FDA carried out a preapproval inspection of the BioPort 
plant in November 1999. The Establishment Inspection Report from that 
inspection identified observations and possible deviations in the areas of 
"validation, failure to investigate, manufacturing deviations, deviation re- 
porting, aseptic processing, filling operations, standard operating proce- 
dures, stability testing, and environmental monitoring" (Elengold, 2000, p. 
3; FDA, 1999b). The next inspection was in October 2000. Again, the 
inspection noted several items in need of attention, including the filling 
suite, which was among the categories listed as needing attention in the 
1999 inspection (FDA, 2000). In April 2001, BioPort submitted a response 
detailing the company's modifications and improvements. In regard to the 
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filling suite, BioPort decided to decommission the area and, subject to 
CBER approval, outsource the filling operation, at least temporarily. 

The most recent inspection of the BioPort anthrax vaccine production 
facilities took place from December 12 to 19, 2001. The inspection report 
(FDA, 2001a) noted seven observations that needed attention, many of 
which BioPort successfully addressed during the inspection (FDA, 2001b). 
FDA approved the supplement to BLA on December 27, 2001, with ac- 
knowledgment that BioPort has made three commitments for additional 
postapproval work (Masiello, 2001).3 Before lots of new AVA could be 
released and become available for shipment, however, FDA also had to 
approve a supplemental BLA for Hollister-Stier Laboratories, which is per- 
forming the filling operation under contract to BioPort. A preapproval 
inspection of that facility took place in January 2002, and FDA approved 
the supplement to the BLA for the contract filler on January 31,2002, with 
the specification that additional stability data be collected (Maseillo, 2002). 
Under the approval, lots of AVA filled at Hollister-Stier will have an expi- 
ration date 18 months from the date of manufacture when the vaccine is 
stored at 2 to 8 degrees C, but as before the dating period may be extended 
with submission of supporting data to FDA. 

For purposes of clarity, the committee has categorized the AVA prod- 
uct according to whether it was produced before or after the plant renova- 
tion. The available remaining vaccine was produced before January 1998, 
when MBPI halted production to carry out a comprehensive renovation. 
The committee heard testimony that FDA believes that the previously manu- 
factured and CBER-released lots of AVA, not presently quarantined by 
BioPort, are safe and effective for the labeled indications (Elengold, 2000). 
While FDA has now released postrenovation lots for use, they had not been 
shipped as of late February 2002. Therefore, all AVA currently or previ- 
ously used is prerenovation product, regardless of when the particular lot in 
question may have been released, and any vaccine subsequently manufac- 
tured by BioPort will be referred to as "postrenovation vaccine."4 

3
According to the approval letter from FDA, BioPort committed to (1) submit three suc- 

cessful consecutive media fill simulation studies evaluating the pooling of 12 sublots into the 
bulk formulation tank, (2) complete the validation of a protein nitrogen assay, and (3) de- 
velop an in vitro method for the assay of residual LF protein in AVA. 

4Postrenovation vaccine was offered under an IND application to postal workers and 
congressional staff who were probably exposed to anthrax spores in the autumn of 2001. 
This vaccine was offered under an IND application because the lots had not yet been ap- 
proved for release by FDA and because AVA was offered at a dosing schedule different from 
that for which it was licensed. 
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The General Accounting Office recently reported on changes to the 
manufacturing facilities not separately reported to FDA (GAO, 2001). In 
1990 the manufacturer (then MDPH) changed its filter type from ceramic 
to nylon and thereafter used several different nylon filters (Elengold, 2001). 
In 1997 it changed filter types to match the industry standard, a poly- 
vinylidene (nonshedding) filter. According to BioPort, these changes were 
within the specifications for filters in the original approved license. FDA 
learned of the changes and contacted BioPort in February 2001. The agency 
requested data and then accepted the changes in July 2001. On the basis of 
the data regarding the filter changes that BioPort submitted to FDA, which 
the company also provided to the IOM committee, all the lots of vaccine 
used by the Department of Defense not only as part of the Anthrax Vaccine 
Immunization Program but also, importantly, for safety studies were manu- 
factured after the change from ceramic to nylon filters. Thus, several exami- 
nations of the safety of the product produced since the change to nylon 
filters have, in effect, been conducted. (The safety studies were discussed in 
Chapter 6.) 

FINDINGS AND RECOMMENDATIONS 

The committee assembled and reviewed the evidence it received in the 
course of its study. This evidence includes numerous Form FDA 483s and 
responses to those reports between FDA and BioPort, as well as statements 
and explanations to the IOM committee from officials of both FDA and 
BioPort on July 11, 2001. Furthermore, the committee took into consider- 
ation the recent and increasing BioPort and Department of Defense invest- 
ments in facility renovations and process improvements, including the ma- 
jor action of shutting down the inadequate filling operations and transferal 
of those operations, with CBER approval, to a contractor meeting GMP 
standards. Finally, the committee noted the evident availability of technical 
support and assistance from CBER and Department of Defense research 
and development resources and the results that have been achieved in the 
form of progress in correcting the deficiencies noted in the Form FDA 483, 
as reported by BioPort and confirmed by FDA at the committee's meeting 
of July 10 and 11,2001. As noted at the start of the chapter, FDA has now 
approved BioPort's BLA supplements for facility renovation, the changed 
package insert and label, and the contract filler (Goldenthal, 2002; Masiello, 
2001, 2002). 

The committee deliberated about the historical evidence concerning 
regulatory practice with regard to biologies and the special case of the AVA 
manufacturing facility. The committee took special note of the changes, 
modernizations, and improvements that FDA has undertaken, including 
normalization of inspections and creation of the Team Biologies program 
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(the partnership between CBER and FDA's Office of Regulatory Affairs). In 
addition, the committee took special note of the continuing effort at con- 
structive criticism and response between the agency and the manufacturer. 
The committee also considered the history of the AVA manufacturer, in 
particular, the switch from a state-owned to a privately owned and oper- 
ated interstate commercial venture and the coincident changes in FDA 
oversight and validation requirements. Finally, the committee was most 
mindful of the changes in scientific and technical knowledge in the process 
of vaccine manufacture and characterization that have occurred since the 
original licensure of the AVA product. 

Finding: FDA's process of plant inspection and FDA's validation of the 
vaccine manufacturing process have changed and have become more 
stringent with time. 

Finding: With high-priority efforts by the manufacturer and FDA, the 
manufacturing process for AVA has been validated so that vaccine 
manufactured postrenovation has been approved for release and distri- 
bution. 

The manufacturing facility licensed to produce AVA has been the sub- 
ject of numerous specific citations regarding the manufacturing process and 
equipment on FDA inspection reports. The manufacturer also responded, 
however, and worked toward full compliance with FDA requirements and 
lot release. As a result of the regulatory changes mentioned in the finding 
above and changes in the myriad important details of materials and equip- 
ment and in scientific knowledge, the committee believes that greater con- 
sistency will be assured in the postrenovation AVA product. 

Finding: AVA will now be produced by a newly validated manufactur- 
ing process under strict controls, according to current FDA require- 
ments. As a result the postrenovation product has greater assurance of 
consistency than that produced at the time of original licensure. 
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Future Needs 

As described in detail in preceding chapters, the committee found that 
the available evidence shows that the currently licensed anthrax vaccine, 
Anthrax Vaccine Adsorbed (AVA), is reasonably safe and effective, with 
the caveat that the studies reviewed were carried out in populations of 
healthy adults only. The committee's research also suggested that the manu- 
facturing process could be validated. 

As discussed in Chapter 3, the efficacy of the licensed anthrax vac- 
cine—indeed, of any anthrax vaccine—for the stimulation of protective 
immunity against inhalational anthrax in humans cannot be demonstrated 
in clinical trials or field trials, as clinical trials that challenged humans with 
the anthrax bacillus would be impossible—and intolerable—and humans 
naturally encounter aerosolized Bacillus anthracis spores in few situations. 
The committee did, however, review evidence from a field trial that showed 
that a vaccine similar to AVA is effective against B. anthracis infection, that 
AVA itself is effective in stimulating immunity against inhalational chal- 
lenge in animals, and that AVA and experimental vaccines that contain 
protective antigen are effective in protecting immunized animals against 
challenge with B. anthracis. 

The standard of reasonable safety does not mean that no adverse events 
are associated with AVA; indeed, local adverse events including tenderness, 
erythema, nodules, and some swelling are fairly common and seem to be 
more frequent in women than in men (Pittman et al., 2002). In addition, 
some vaccinees experienced systemic effects such as fever, but these effects 
were less common than local reactions and were transient. Some members 

198 
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of the armed services have been concerned that AVA may cause later-onset 
systemic or multisystem adverse effects. To date there is limited informa- 
tion pertaining to any possible association between vaccination with AVA 
and later-onset health conditions, as with most vaccines. The available 
data, however, provide no evidence of a causal connection between receipt 
of AVA and later-onset or long-term adverse outcomes. 

The history of the facility that manufactures AVA has been fraught 
with difficulties. Over the course of the study, the committee reviewed 
extensive and detailed exchanges between the manufacturer, BioPort, and 
the Food and Drug Administration (FDA) regarding the changes to the 
manufacturing process that were needed. That BioPort has successfully met 
FDA requirements is welcome news. 

Nevertheless, the committee is convinced that relying only on the cur- 
rent anthrax vaccine and the current specifications for its use is far from 
satisfactory. Not only are many avenues for important research toward the 
development of a different and better vaccine available, but particular im- 
provements in how the current vaccine is used are also urgently needed. 
Many of these improvements are feasible, which makes their implementa- 
tion even more compelling. This chapter suggests some directions for fur- 
ther research and action. 

FUTURE USE OF AVA 

Finding: Current events in both the military and the civilian arenas 
highlight and confirm the importance of ensuring both the availability 
and the quality of the nation's anthrax vaccine. 

Less than a month before this report went to press, BioPort received 
approval for the first release of lots of AVA produced since 1998. Because 
the supply of AVA has been limited, the Department of Defense's (DoD's) 
Anthrax Vaccine Immunization Program (AVIP) was proceeding at a re- 
duced rate. Renewed availability of AVA will make possible the resumption 
of the AVIP schedule. Current events, including the deployment of U.S. 
troops to Afghanistan and surrounding areas and sabotage of the U.S. mail 
with items contaminated with B. anthracis spores, strongly suggest not only 
the resumption but also possibly the expansion of vaccination against an- 
thrax. As stated in the new product label (see Appendix D), the licensed 
product is indicated for "individuals between 18 and 65 years of age who 
come in contact with animal products such as hides, hair, or bones that 
come from anthrax endemic areas, and that may be contaminated with B. 
anthracis spores. AVA, now carrying the brand name BioThrax,1 is also 

1Biothrax is the name under which AVA will be manufactured as of January 31, 2002. 
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indicated for individuals at high risk of exposure to B. anthracis spores such 
as veterinarians, laboratory workers, and others whose occupation may 
involve handling potentially infected animals or other contaminated mate- 
rials." This labeled indication has not changed from the original, which was 
developed in view of the plausible exposures at the time of licensure of the 
vaccine and was supported by field and observational studies of animal 
product processors. 

The subsequent weaponization of B. anthracis, however, changed for 
DoD the definition of the groups identified as "high-risk persons" to in- 
clude not only veterinarians but also members of the armed services who 
were or who might be deployed to areas near countries where B. anthracis 
had been weaponized. As a result of the recent bioterrorist release of an- 
thrax spores through the U.S. mail system, the definition of "high-risk 
persons" may be expanded further to include other occupational groups. 
The population receiving AVA has thus become considerably wider than 
that anticipated at the time of original licensure. 

Meanwhile, the supply of the currently licensed vaccine had been lim- 
ited by manufacturing difficulties, which have now been overcome. As 
mentioned above and as discussed in more detail in Chapter 7, the AVA 
manufacturing facility and the AVA production process have both been the 
subject of numerous FDA citations and responses. Indeed, the manufac- 
turer undertook a thorough renovation of its manufacturing facility start- 
ing in 1998 and modernized several aspects of the production process. 
These modifications, although certainly intended to improve the overall 
process of vaccine production, are still changes. Changes in facilities or 
processes, however, can result in changes in the product, and FDA is re- 
sponsible for monitoring those changes (see Chapter 7). 

Noting the possibility that these changes may affect the final AVA 
product does not mean that the changes are necessarily bad; in this case 
they are surely improvements. On the basis of the information provided in 
presentations and in papers from both BioPort and FDA, the committee 
notes that modifications were undertaken to incorporate more modern 
technology into the manufacturing process and to increase assurance of the 
consistency of the final product (e.g., in the concentration of protective 
antigen), which still remains a relatively crude vaccine by current standards. 

Although greater assurance of product consistency will result from the 
modifications of the manufacturing facility and the production process that 
have been undertaken by BioPort and certified by FDA, the levels of immu- 
nogenicity, safety, and stability of the postrenovation AVA product must be 
characterized empirically, as the committee recommends below. The com- 
mittee emphasizes that the surveillance methods recommended below are 
the same as those that would be expected for any widely used vaccine and 
are not unique to AVA. 
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Finding: The AVA product produced in a renovated facility by a newly 
validated manufacturing process could differ from the prerenovation 
product in terms of its reactogenicity, immunogenicity, and stability. 
The information available to the committee suggests that AVA lots 
manufactured postrenovation may show less variation in reactogenicity 
because of greater consistency in the production process, and there is 
no a priori basis to believe that the postrenovation product will be 
more reactogenic or less immunogenic than the older vaccine. 

Recommendation: As with all vaccines, AVA lots produced postreno- 
vation should continue to be monitored for immunogenicity and stabil- 
ity, and individuals receiving these lots should be monitored for pos- 
sible acute or chronic events of immediate or later onset. 

SURVEILLANCE FOR ADVERSE EVENTS 

In addition to issuing statements about appropriate filing of reports to 
the Vaccine Adverse Event Reporting System (VAERS), DoD has supported 
the review of each VAERS report associated with AVA by an independent 
civilian advisory panel called the Anthrax Vaccine Expert Committee 
(AVEC), described in Chapter 5. 

The Future and AVEC 

A subgroup of the Institute of Medicine (IOM) committee participated 
in discussions with members of AVEC to explore their approach to the 
review of reports and their operating procedures. Although the committee 
found AVEC's expert scrutiny of the reported cases and vigilance for sig- 
nals that might require further action to be an important component of 
surveillance for concerns about the safety of AVA, the important aspects of 
the review may not be specific to AVA. The IOM committee is also skepti- 
cal of the general approach of attribution of causality from reports in 
surveillance systems. The way in which events are interpreted and used in 
analyses should take into account the inherent uncertainties of determining 
"cause" in such a system. There remains considerable potential for mis- 
classification of reported events when considering them as possibly related 
or unrelated to vaccination. It is important to recognize that reviews of case 
reports only generate hypotheses. More emphasis should therefore be placed 
on the use of AVEC-derived hypotheses to trigger formal analyses, such as 
those that can be performed with data from the Defense Medical Surveil- 
lance System (DMSS). Toward that end, AVEC and the Army Medical 
Surveillance Activity (the office responsible for DMSS) should maintain 
regular and frequent communication, with signals from the former leading 
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to analyses by the latter. "Signals" are the earliest indication of a possible 
causal relationship between an exposure and a health event. Such signals 
can come from the anecdotal experiences of patients with an adverse event 
after the exposure or from preliminary analyses of data. A signal does not 
mean that a causal relationship exists, as there may be other explanations 
for the apparent association. Instead, a signal is merely an indication that 
further investigation is needed. 

Furthermore, AVA appears to be associated with certain adverse events 
that, although by no means desirable, are self-limited or that, in worst 
cases, seem to respond to palliative treatment with analgesics or antipyretics. 
The committee observes that no data to indicate the need for the continua- 
tion of special monitoring programs for AVA have emerged, but it recog- 
nizes the real concerns of service members ordered to take the vaccine. 
Vaccine safety in general, and the safety of less commonly used vaccines 
that members of the U.S. military in particular are required to receive, 
remains a concern. In the course of reviewing information from monitoring 
systems, the committee observed several areas in which surveillance for the 
safety of vaccines in general, including AVA, might be improved. 

Finding: Given the concerns raised by some service members about the 
safety of the anthrax vaccine, the creation of AVEC was an appropriate 
complement to other resources in FDA, the Centers for Disease Control 
and Prevention (CDC), and DoD for the monitoring of vaccine safety 
concerns. The results of the extra monitoring did not indicate the exist- 
ence of any sentinel events that were not detected in the existing FDA 
and CDC reviews. The committee finds no scientific reason for the 
continued operation of AVEC in its present form. 

The IOM committee's observation about AVEC reflects no fault with 
the members of AVEC or its performance as that committee is constituted; 
rather, the IOM committee observes that AVEC was designed to pay extra 
attention to concerns regarding the safety of AVA and that the data do not 
warrant the continuation of such exceptional attention. The resources sup- 
porting AVEC activities related to AVA alone could be more wisely in- 
vested in improved monitoring of the safety of vaccines in general. 

Recommendation: DoD should disband AVEC in its current form and 
instead assist FDA and CDC in establishing an independent advisory 
committee charged with overseeing the entire process of evaluating 
vaccine safety. The proposed advisory committee can also assist on an 
ad hoc basis in the interpretation of potential signals detected in VAERS 
or other sources regarding the safety of any vaccine. The newly estab- 
lished FDA Drug Safety and Risk Management Advisory Committee 
might be an appropriate model. 
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Because AVEC was designed to review VAERS reports for signals of 
unexpected adverse events caused by AVA, AVEC had to attempt to dis- 
criminate correlation and causality on the basis of the VAERS reports. The 
VAERS reports, however, are not able to capture data sufficient to support 
conclusions related to causality. The committee therefore believes that 
DoD should recommend a shift in focus from making attributions of cau- 
sality in individual cases to seeking evidence of any patterns or rate thresh- 
olds that have been crossed in terms of the serious adverse events reported 
to VAERS. AVEC's replacement could then develop criteria for signals 
from VAERS data for any vaccine that warrant additional follow-up and 
could in general further systematize its processes by developing standard 
operating procedures and a regular schedule for examination of aggregate 
VAERS data. Background rates of illnesses as well as the biological plausi- 
bility of hypothesized effects must be taken into consideration as part of 
the method used to identify signals of possible safety concerns regarding 
AVA. Different roles for the panels that might replace AVEC are described 
in Table 8-1. 

TABLE 8-1 Functions of AVEC and Post-AVEC Panels 

Function       AVEC 

Mission        Individual review of 
VAERS reports to 
assess causal 
relationship of AVA 
and adverse events 

Scope All AVA-related 
VAERS reports 

Model Advisory Committee 
on Causality 
Assessment (Canada) 

Redeployed AVEC       Panel Replacing AVEC 

Provide ad hoc 
advice as needed on 
interpretation of 
potential signals in 
VAERS or other 
sources relevant to 
vaccine safety 

All vaccines 
administered to 
service personnel 

Advisory committee 
(responding to ad 
hoc agency requests 
for advice on 
specific products) 

Provide oversight and 
advice on safety 
evaluations and advice in 
specific cases 

Entire process of vaccine 
safety evaluations, plus 
provision of advice as 
needed on interpretation 
of potential signals from 
VAERS or other sources 
relevant to the safety of 
any vaccine 

FDA Drug Safety and 
Risk Management 
Advisory Committee 
(broad mandate and 
oversight, as well as ad 
hoc advice) 
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Recommendation: If DoD chooses to continue AVEC, DoD should 
consider redefining the panel's role so that it serves as an independent 
advisory committee that responds on an ad hoc basis to specific re- 
quests to assist in the interpretation of potential signals detected by 
others (e.g., CDC and FDA) and reported to VAERS or other sources 
regarding the safety of all vaccines administered to service personnel 
rather than continuing the panel's current role of rereviewing each 
VAERS report related to AVA. 

Although there are serious obstacles and some impassable informa- 
tional gulfs between VAERS reports and conclusions related to causality for 
any vaccine, there are some additional difficulties for AVA because, at least 
to date, the population receiving the vaccine is small. More than 2 million 
doses of AVA have been distributed since 1990, and about 500,000 mem- 
bers of the armed forces have received the vaccine. By contrast, multiple 
doses of many other vaccines, such as the diphtheria and tetanus toxoid and 
acellular pertussis vaccine, the Haemopbilus influenzae type b vaccine, or 
inactivated polio vaccine, are administered to some 3 million to 4 million 
children each year. 

Finding: The possibility of detecting a signal in VAERS will be even 
more limited for AVA than for many other vaccines given the relatively 
small population (primarily military personnel) exposed to the vaccine 
and the low rates at which the hypothesized health effects of greatest 
concern might be expected to occur in that population. 

Additional Sources of Data on Adverse Events 

Although the IOM committee does not recommend continuation of 
AVEC as a program that monitors AVA-specific reports in VAERS, the 
committee does believe that it is essential for DoD to continue to work with 
CDC and FDA to ensure that VAERS reports are regularly and carefully 
monitored for any signals that vaccines administered to military service 
personnel might be associated with adverse health effects. Ensuring the best 
use and interpretation of VAERS reports, however, requires complemen- 
tary information from other sources that can be used to help analyze the 
signals that may be suggested by VAERS reports. One such resource, as 
discussed earlier, is DMSS. DMSS can be used both to generate and test 
hypotheses. If VAERS raises a hypothesis, it can be further evaluated in 
DMSS. DMSS data can also be used to generate hypotheses (as in its quar- 
terly screening reports); these then need to be evaluated in more detail 
within DMSS, including more detailed data analyses and efforts that might 
involve review of medical records, for example. Formal testing of these 
hypotheses would require additional studies, however, in separate datasets. 
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Finding: VAERS is a critically important source of signals, that is, 
hypotheses about potential associations between a vaccine and a health 
event, but these hypotheses must be tested through other means. DMSS 
gives DoD a unique resource with which to conduct such testing. 

A formal mechanism for the direct examination of signals from VAERS 
using DMSS data should be established. The committee was impressed with 
information presented on the types of data maintained in DMSS datasets on 
medical encounters for any reason in the military health care system. 

Finding: DMSS is a unique and promising population-based resource 
for monitoring the emergence of both immediate-onset and later-onset 
(perhaps up to 5 years) health concerns among military personnel and 
for testing hypothesized associations between such health concerns and 
exposures resulting from military service, including vaccines. 

Because DMSS is designed to capture records for all medical encounters 
without depending on the decision of a patient or a physician to report a 
particular encounter, DMSS data may be cross-checked with the more open- 
ended but much less complete case reports collected through VAERS. DoD 
personnel have already conducted some analyses of this sort, and such 
analyses should continue on a regular basis. But conducting these analyses 
on a timely basis will require additional analytic resources. The committee 
believes that DoD must enhance its internal analytic capacity. A proposed 
collaboration between CDC and the Army Medical Surveillance Activity 
(Schwartz, 2002) holds promise for increasing the human resources avail- 
able to apply to hypothesis testing, while AMSA personnel retain their 
focus on surveillance. In addition, DoD should explore ways to take advan- 
tage of the analytic resources of the civilian research community as other 
federal agencies do. The Centers for Medicare and Medicaid Systems, for 
example, have developed mechanisms to give researchers access to large 
databases with information on individual program participants and their 
medical claims while maintaining appropriate protections for privacy and 
confidentiality. Similarly, research partnerships with the Canadian prov- 
ince of Saskatchewan may offer another useful model. 

Recommendation: DoD should develop a capability for the effective 
use of DMSS to regularly test hypotheses that emerge from VAERS and 
other sources regarding vaccine-related adverse events. 

Finding: DoD personnel have used DMSS to conduct valuable analyses 
in response to concerns about health effects that might be associated 
with vaccination with AVA. Yet DoD personnel working with DMSS 
data are necessarily limited in time and focus. DMSS data could there- 
fore yield valuable insights in the hands of civilian researchers. 
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Recommendation: DoD should actively support and advance the devel- 
opment of DMSS data resources and the staffing of units that will allow 
the continuing rapid and careful analysis of these data, including but 
not limited to the proposed collaboration between CDC and the Army 
Medical Surveillance Activity. 

Recommendation: DoD should investigate mechanisms that can be used 
to make DMSS data available to civilian researchers, as is done by 
civilian agencies, with appropriate controls and protections for privacy. 

The main limitations of the DMSS databases with respect to the study 
of adverse events associated with vaccination are actually related to its 
main strength. That is, although DMSS collects records of all medical en- 
counters, it cannot capture the adverse events that a vaccine recipient expe- 
riences but for which the recipient does not seek medical attention within 
the military medical system. Because most vaccine-related adverse events 
are relatively mild and self-limiting, they will not appear in the DMSS 
database. 

Finding: DMSS cannot be used to study mild adverse events, even if 
they are common. 

This limitation can be mitigated with prospective studies and active 
surveillance of limited populations of vaccinees. 

Recommendation: DoD should develop ad hoc prospective cohort stud- 
ies in one or more military settings to test hypotheses that emerge from 
VAERS, DMSS, or other sources. However, the committee does not 
recommend that such studies targeted at AVA be conducted at present 
since no convincing evidence of new adverse events in AVA recipients 
sufficient to merit a prospective investigation has been presented. 
Rather, further studies of the effects of AVA should be performed in the 
context of studies of the effects of all vaccines administered to members 
of the military. 

Another aspect of the DMSS database that must be taken into consider- 
ation for overall monitoring of vaccine safety is that DMSS contains data 
on medical encounters only for active-duty personnel. Most service mem- 
bers do not become career military personnel, so DoD surveillance systems 
can monitor their health for only a few years. Later-onset effects of vac- 
cines, if any, would thus not be captured for most service members. 

Finding: Because DMSS captures health care data only for military 
personnel on active duty, it cannot be used to study the later-onset 
effects of vaccines over periods of time beyond the normal length ot 
active military service. 
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As discussed in Chapter 6, data on the later-onset adverse effects of 
vaccines are available for few, if any, vaccines. Although the committee 
found no data indicating that vaccination with AVA is associated with 
later-onset adverse events or with any serious or lasting adverse events, 
some service members have had serious concerns about possible links be- 
tween AVA and such adverse events. To make it possible to conduct studies 
of later-onset health concerns, DoD could take steps to improve access to 
data on the chronic or later-onset effects, if any, of vaccines in general. 

Recommendation: DoD should carefully evaluate options for longer- 
term follow-up of the possible health effects of vaccination against 
anthrax (and other service-related exposures). The committee recom- 
mends consideration of the following specific steps: 

• Encourage participation in the Millennium Cohort Study2 as part 
of a program to ensure adequate monitoring for any possible later- 
onset health effects that might be associated with vaccination with 
AVA or other service-related exposures. 

• Collaborate with the Department of Veterans Affairs (VA) to 
monitor service members who receive medical care through VA facili- 
ties after separation from military service. Linking of data from DMSS 
to data from VA is a possible tool. Even though those who receive their 
medical care through VA may be an unrepresentative minority of all 
former military personnel, valid comparisons may be possible between 
those within that population who received a vaccine or other exposure 
and those who did not. 

• Collaborate with VA to obtain fact-of-death information from 
the Beneficiary Identification and Records Locator System and with the 
Social Security Administration to obtain death files. Data on the cause 
of death should be obtained from the National Death Index as needed. 

• Ensure the long-term maintenance of DMSS and other relevant 
paper and electronic records so that retrospective studies will be fea- 
sible if health concerns are identified in the future. 

NEW ANTHRAX VACCINE DEVELOPMENT 

Although AVA appears to be sufficiently safe and effective for use and 
its use is certainly preferable to a substantial threat of contracting anthrax, 

2The Millennium Cohort Study is a survey recommended by the U.S. Congress and spon- 
sored by the DoD. The study will monitor a total of 140,000 U.S. military personnel during 
and after their military service for up to 21 years to evaluate the health risks of military 
deployment, military occupations, and general military service (see http:// 
www.millenniumcohort.org/about.html). 
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AVA is far from optimal whether it is considered from the point of view of 
the potential recipient, the manufacturer, or any involved party. 

Finding: The current anthrax vaccine is difficult to standardize, is in- 
completely characterized, and is relatively reactogenic (probably even 
more so because it is administered subcutaneously), and the dose sched- 
ule is long and challenging. An anthrax vaccine free of these drawbacks 
is needed, and such improvements are feasible. 

The committee urges that improvements in the route of administration 
and the number of injections of the existing licensed anthrax vaccine, AVA, 
be made as quickly as possible. As mentioned earlier in this report, the 
committee believes that the lot-to-lot consistency of AVA will be better 
assured when the vaccine is produced in the fully renovated facility using 
the newly certified manufacturing processes and that such an improvement 
is desirable. The committee also believes that it is likely that the rate of 
adverse events and the general acceptability of AVA will improve with a 
change in the route of administration and a reduction in the total number of 
injections required and that such improvements would be desirable. Re- 
search to assess the effects of those changes in the route of administration 
was under way as this report was being prepared. Any improvements to the 
way the current vaccine is used that can limit the occurrence of common 
local and systemic effects will be welcome by all parties involved. But the 
committee concludes that a new vaccine, developed according to more 
modern principles of vaccinology, is urgently needed. The committee pro- 
poses characteristics, based on experience with other vaccines, that might 
reasonably be sought in a new vaccine (see Box 8-1). 

It was beyond the committee's charge to comment on any particular 
program to develop a new vaccine against anthrax or to review research 
related to the development of a new vaccine. The committee does under- 
stand that research on new vaccines against anthrax is well under way in 
several areas in DoD, the National Institutes of Health, and various univer- 
sity laboratories and strongly encourages continued and further support of 
work on promising new vaccines. The knowledge that has been and that is 
still being gained from research with AVA on topics such as correlates of 
immunity in animals, the components necessary to stimulate protective 
immunity, and the best way to administer the vaccine should be helpful in 
the development of new and improved vaccine products for protection 
against anthrax. Research to date shows anthrax to be a complex disease, 
with complicated protective immune responses. Additional research should 
speed the urgently needed development of improved means of protection 
against this disease. 
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BOX 8-1 
Goals of Anthrax Vaccine Development 

Product characteristics 

• Antigen: The vaccine antigen, which must be demonstrated to stimulate 
protective immunity, should consist of a purified protein, a mixture of defined and 
purified proteins, or a conjugate of a purified protein and the capsule. 

• Dose requirements: The vaccine should require only two or three injections 
to elicit high titers of antibodies against the antigen. 

• Immunogenicity: The vaccine should be sufficiently immunogenic to elicit 
protective antibodies within 30 days so that antibiotics given to exposed individuals 
could be safely discontinued at 30 days. 

• Stability: The potency of the vaccine should remain stable for a long period 
of time, allowing it to be stockpiled. 

Product performance 

• Efficacy: The vaccine should be demonstrated to protect monkeys chal- 
lenged by the aerosol route, with immunity retained for at least a year after the 
completion of immunization. 

• Local reactions: The vaccine should not cause severe local reactions. This 
is important not only for better tolerability but also because severe local reactions 
may create a perception that a vaccine is dangerous, even when the local effects 
are transient and self-limited. 

• Systemic reactions: The vaccine should not cause severe systemic ad- 
verse reactions, as is expected of all vaccines. 

Manufacturing 

• Production process: The production process for the vaccine should be eas- 
ily scaled up and should ensure maintenance of product consistency. 

Recommendation: DoD should continue and further expedite its re- 
search efforts pertaining to anthrax disease, the B. anthracis organism, 
and vaccines against anthrax. Research related to anthrax should in- 
clude, in particular, efforts such as the following: 

• DoD should pursue and encourage research to develop an an- 
thrax vaccine product that can be produced more consistently and that 
is less reactogenic than AVA; 

• DoD should pursue and encourage research regarding the B. 
anthracis capsule; 

• DoD should pursue and encourage research on the mechanisms of 
action of the anthrax toxins; such research could lead to the develop- 
ment of small-molecule inhibitors; 
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• DoD should pursue and encourage research to map the epitopes of 
the protective antigen that correlate with specific functional activities; 
• DoD should pursue and encourage research to test the therapeutic 
potential of antitoxin proteins or antibodies; and 
• DoD should pursue and encourage research into additional potential 
virulence factors in B. anthracis and into other possible vaccine candi- 
dates. 
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Appendix A 

Statement of Task 

The committee will analyze available information, hold workshops, 
and make specific recommendations on technical aspects regarding the 
safety and efficacy of the licensed anthrax vaccine. The issues include the 
types and severity of adverse reactions, including gender (sex) differences; 
long-term health implications; inhalational efficacy of the vaccine against 
all known anthrax strains; correlation of animal models to safety and effec- 
tiveness in humans; validation of the manufacturing process focusing on, 
but not limited to, discrepancies identified by the Food and Drug Adminis- 
tration in February 1998; definition of vaccine components in terms of the 
protective antigen and other bacterial products and constituents; and iden- 
tification of gaps in existing research. 
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Information-Gathering Meeting Agendas 

Meeting I 
October 3, 2000 

The Foundry Building 
1055 Thomas Jefferson Street, NW 

Washington, DC 

Agenda 

Tuesday, October 3rd 

Open Session 

8:00 a.m.       Introductory remarks and review of charge 
Dr. Brian Strom, Chair, Committee to Assess the Safety and 
Efficacy of the Anthrax Vaccine 

8:15 Introductions by committee members and meeting attendees 

8:30 Sponsor presentation on the study charge 
Major General John Parker, Commander, U.S. Army 
Medical Research and Materiel Command 
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Congressional comment on the study charge 
Mr. Robert Neal, Legislative Assistant, Office of 
Representative George Nethercutt, Jr. 

9:15 Concerns Regarding the Safety or Efficacy of Anthrax 
Vaccine 
Dr. Meryl Nass 
Dr. George Robertson 

10:00 Break 

10:15 Anthrax the Disease, and Anthrax Vaccine Development 
and History 
LTC John D. Grabenstein, Deputy Director for Clinical 
Operations, Anthrax Vaccine Immunization Program 
LTC Mark G. Kortepeter, Chief, Education and Training, 
Operational Medicine Division, U.S. Army Medical 
Research Institute of Infectious Diseases 

11:00 The DoD Anthrax Vaccine Immunization Program (AVIP) 
Status and Projected Future 
LTC John D. Grabenstein, Deputy Director for Clinical 
Operations, Anthrax Vaccine Immunization Program 

11:45 Working lunch 

12:30 p.m.    How Are Safety and Efficacy Determined by FDA? 
Dr. Juli Clifford, Division of Vaccines and Related Products 
Applications, Center for Biologies Evaluation and Research, 
FDA 
Dr. Karen Midthun, Director, Office of Vaccines Research 
and Review, Center for Biologies Evaluation and Research, 
FDA 

1:15 The Vaccine Adverse Events Reporting System (VAERS) 
Dr. Gina Mootrey, VAERS Project Officer, National 
Immunization Program, CDC 

2:00 The Anthrax Vaccine Expert Committee (AVEC) 
Dr. Vito Caserta, Health Resources and Services 
Administration, DHHS 

2:30 Adjourn Open Session 
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Meeting II 
January 29-30, 2001 

The Foundry Building 
1055 Thomas Jefferson Street, NW 

Washington, DC 

Meeting Objectives 

• Review several completed studies of anthrax vaccine safety 
and efficacy 

• Evaluate knowledge of vaccine components 
• Define needs for additional information gathering 
• Plan future meetings 

Agenda 

Monday, January 29, 2001 

12:00 p.m.    Open Session 
A review of some of the studies of the anthrax vaccine 

12:00 The CDC Observational Study 
Dr. Juli Clifford, Center for Biologies Evaluation and 
Research, FDA 

12:30 Components of the Anthrax Vaccine Absorbed and 
Contrast with Merck Vaccine 
Dr. Robert Myers, BioPort Corporation 

1:00 Working lunch 

1:30 Field Evaluation of a Human Anthrax Vaccine 
Dr. Stanley Plotkin 

2:00 Ft. Detrick Multi-Dose, Multi-Vaccine Safety Studies 
LTC Phillip Pittman, U.S. Army Medical Research Institute 
of Infectious Diseases 

2:30 Ft. Detrick Special Immunization Program 
LTC Phillip Pittman 
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3:00 Ft. Bragg Booster Study 
LTC Phillip Pittman 

3:30 Break 

3:45 Reduced Dose/Route of Administration Pilot 
LTC Phillip Pittman 

4:15 Surveillance of Adverse Effects of Anthrax Vaccine 
Adsorbed 
Dr. Jeff Lange, U.S. Army Center for Health Promotion 
and Disease Prevention 

4:45 Adjourn Open Session 

Tuesday, January 30, 2001 

Open Session 

8:00 a.m.      Breakfast 

8:30 U.S Forces in Korea Survey 
Dr. Ken Hoffman, Military and Veterans Health 
Coordinating Board 

Vaccine Research Portfolio 
LTC John Grabenstein, Anthrax Vaccine Immunization 
Program Agency 

9:30 Adjourn Open Session 
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Meeting III 
April 17-18, 2001 

The Cecil and Ida Green Building 
2001 Wisconsin Avenue, NW 

Washington, DC 

Meeting Objectives 

• Review information about anthrax pathology and anthrax 
vaccine efficacy in animal models 

• Review information about variations in anthrax strains and 
discuss implications for vaccine efficacy 

• Gather additional information regarding anthrax vaccine 
safety and efficacy from public input 

Agenda 

Tuesday April 17, 2001 

Open Session 

10:00 a.m.    Anthrax Pathology in Humans 
Dr. David Walker, Professor and Chairman, Department of 
Pathology, University of Texas Medical Branch at 
Galveston 

Discussion 

10:45 The Pathology of Experimental Anthrax in Rabbits and 
Nonhuman Primates 
LTC Gary Zaucha, Walter Reed Army Institute of Research 

Discussion 

11:30 Animal Models for Anthrax Vaccine Efficacy 
Dr. Louise Pitt, U.S. Army Medical Research Institute of 
Infectious Diseases 

Discussion 



APPENDIX C 223 

12:15 p.m.    Working lunch 

12:45 Group Discussion: 
What Outstanding Questions Remain About Animal 
Models for Vaccine Efficacy? 
Moderator, Dr. Dennis Kasper, Member, Committee to 
Assess the Safety and Efficacy of the Anthrax Vaccine 

1:15 Genetic Diversity in B. anthracis 
Dr. Paul Jackson, Environmental Molecular Biology 
Group, Los Alamos National Laboratory 

Discussion 

2:00 Break 

2:15 Efficacy of AVA in Different Animal Models Against 
Challenge by B. anthracis Strains of Diverse Geographical 
Origin 
COL Art Friedlander, U.S. Army Medical Research 
Institute of Infectious Diseases 

Discussion 

3:00 Group Discussion: 
What Outstanding Questions Remain About Vaccine 
Efficacy Against Varying Anthrax Strains? 

3:45 Adjourn Open Session 

Joint Meeting of the Institute of Medicine Committee to Assess the Safety 
and Efficacy of the Anthrax Vaccine and the Institute of Medicine 

Committee to Review the CDC Anthrax Vaccine Safety and Efficacy 
Research Program 

Wednesday, April 18, 2001 

10:30 a.m.    Open Session, Oral statements 

Master Sergeant (ret) Thomas Starkweather 

Mr. Sonnie Bates 



224 THE ANTHRAX VACCINE: IS IT SAFE? DOES IT WORK? 

Col. (ret) Redmond Handy, National Organization of 
Americans Battling Unnecessary Servicemember 
Endangerment (NO ABUSE) 

Ms. Nancy Rugo 

Capt. John Buck, M.D. 

MAJ Jon Irelan 

Capt. Jean Tanner 

Technical Sergeant Jeffrey Moore 

Discussion 

12:30 p.m.    Adjourn 

Meeting IV 
July 10-11, 2001 

The Foundry Building 
1055 Thomas Jefferson Street, NW 

Washington, DC 

Meeting Objectives 

• Review studies of the safety of the anthrax vaccine 
• Gather information regarding manufacturing issues 

surrounding the anthrax vaccine 



APPENDIX C 225 

Agenda 

Tuesday, July 10, 2001 

10:15 a.m.    Open Session 

Welcome and introductory remarks 
Dr. Brian Strom, Chair, Committee to Assess the Safety and 
Efficacy of the Anthrax Vaccine 

A review of additional studies of the anthrax vaccine 

10:20 Tripler Army Medical Center Survey of AVA Safety 
COL Glenn Wasserman, Tripler Army Medical Center 

10:50 DoD-Wide Medical Surveillance for Potential Long-Term 
Adverse Events Associated with Anthrax Immunization 
Dr. Faul Sato, Naval Health Research Center 

11:20 Surveillance of Adverse Effects of Anthrax Vaccine 
Adsorbed 
Dr. Jeff Lange, U.S. Army Center for Health Promotion 
and Preventive Medicine 

12:30 p.m.    Working lunch 

1:00 Lack of Effect of Anthrax Vaccination on Pregnancy, Birth, 
and Adverse Birth Outcome Among Women in Active 
Service with the U.S. Army 
MA] Andrew Wiesen, 3rd Infantry Division Surgeon 

1:30 Ambulatory Medical Visits Among Anthrax Vaccinated and 
Unvaccinated Personnel After Return from Southwest Asia 
Lt. Col. Paul Rehme, Air National Guard Readiness Center 

2:00 Status of the Anthrax Vaccine Research Portfolio 
LTC John Grabenstein, Anthrax Vaccine Immunization 
Program Agency 

2:30 Adjourn Open Session 

Closed Session 
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Wednesday, July 11, 2001 

Open Session 

8:30 a.m.      Welcome and introductory remarks 
Dr. Brian Strom, Chair, Committee to Assess the Safety and 
Efficacy of the Anthrax Vaccine 

Dr. Don Metzgar, Member, Committee to Assess the Safety 
and Efficacy of the Anthrax Vaccine 

BioPort presentation responding to questions from IOM 
committee 
Dr. Larry Winberry, Vice President, Operations 
Dr. Lallan Giri, Vice President, Quality, Compliance, and 
Regulatory Affairs 

Discussion 

10:30 Break 

10:45 Commentary from FDA 
Mr. Mark Elengold, Deputy Director, Center for Biologies 
Evaluation and Research 

Discussion 

12:30 p.m.    Adjourn Open Session 
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ANTHRAX VACCINE ADSORBED 

DESCRIPTION 

Anthrax Vaccine Adsorbed is a sterile product made from filtrates of mi- 
croaerophilic cultures of an avirulent, nonencapsulated strain of Bacillus 
anthracis which elaborates the protective antigen during the growth period. 
The cultures are grown in a synthetic liquid medium and the final product 
is prepared from sterile filtered culture fluid. The potency of this product is 
confirmed according to the U.S. Food and Drug regulations (21 CFR 
620.23): Additional Standards for Anthrax Vaccine Adsorbed. The final 
product contains no more than 2.4 mg aluminum hydroxide (equivalent to 
0.83 mg aluminum) per 0.5 mL dose. Formaldehyde, in a final concentra- 
tion not to exceed 0.02%, and benzethonium chloride, 0.0025%, are added 
as preservatives. 

CLINICAL PHARMACOLOGY 

Anthrax Vaccine Adsorbed is used in man to promote increased resistance 
to Bacillus anthracis by active immunization (1,2). 

227 
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INDICATIONS AND USAGE 

Immunization with Anthrax Vaccine Adsorbed is recommended for indi- 
viduals who may come in contact with animal products such as hides, hair, 
or bones which come from anthrax endemic areas and may be contami- 
nated with Bacillus anthracis spores; and for individuals engaged in diag- 
nostic or investigational activities which may bring them into contact with 
B. anthracis spores (1,5). It is also recommended for high risk persons such 
as veterinarians and others handling potentially infected animals. Since the 
risk of exposure to anthrax infection in the general population is slight, 
routine immunization is not recommended. 
If a person has not previously been immunized against anthrax, injection of 
this product following exposure to anthrax bacilli will not protect against 
infection. 

CONTRAINDICATIONS 

A history of a severe reaction to a previous dose of anthrax vaccine is a 
contraindication to immunization with this vaccine. 

WARNINGS 

1. Any acute respiratory disease or other active infection is generally con- 
sidered to be adequate reason for deferring an injection. 
2. Persons receiving cortico-steroid therapy or other agents which would 
tend to depress the immune response may not be adequately immunized 
with the dosage schedule recommended. If the therapy is short termed, 
immunization should be delayed. If the therapy is long termed, an extra 
dose of vaccine should be given a month or more after therapy is discontin- 
ued. 

PRECAUTIONS 

1. General: Epinephrine solution, 1:1000, should always be available for 
immediate use in case an anaphylactic reaction should occur, even though 
such reactions are rare. 
2. Carcinogenesis, Mutagenesis, Impairment of Fertility: Studies have 
not been performed to ascertain whether Anthrax Vaccine Adsorbed has 
carcinogenic action, or any effect on fertility. 
3. Pregnancy: PREGNANCY CATEGORY C. ANTHRAX VACCINE 
ADSORBED Animal reproduction studies have not been conducted with 
Anthrax Vaccine Adsorbed. It is also not known whether Anthrax Vaccine 
Adsorbed can cause fetal harm when administered to a pregnant woman or 
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can affect reproduction capacity. Anthrax Vaccine Adsorbed should be 
given to pregnant women only if clearly needed. 
4. Pediatric Use: This antigen should be administered only to healthy men 
and women from 18 to 65 years of age because investigations to date have 
been conducted exclusively in that population. 

ADVERSE REACTIONS 

Local Reactions: Mild local reactions occur in approximately thirty per 
cent of recipients and consist of a small ring of erythema, 1-2 cm in diam- 
eter, plus slight local tenderness(l). This reaction usually occurs within 24 
hours and begins to subside by 48 hours. Occasionally, the erythema in- 
creases to 3 to 5 cm in diameter. Local reactions tend to increase in severity 
by the 5th injection and then may decrease in severity with subsequent 
doses. 
Moderate local reactions which occur in 4 per cent of recipients of a second 
injection are defined by an inflammatory reaction greater than 5 cm diam- 
eter. 
These may be pruritic. Subcutaneous nodules may occur at the injection site 
and persist for several weeks in a few persons. A moderate local reaction 
can occur if the vaccine is given to anyone with a past history of anthrax 
infection. 
More severe local reactions are less frequent and consist of extensive edema 
of the forearm in addition to the local inflammatory reaction. 
All local reactions have been reversible. 
Systemic Reactions: Systemic reactions which occur in fewer than 0.2 per 
cent of recipients have been characterized by malaise and lassitude. Chills 
and fever have been reported in only a few cases. In such instances, immu- 
nization should be discontinued. 
All adverse reactions thought by a physician possibly to have been related 
to this product should be directed to the BioPort Corporation (517) 327- 
1500 during regular working hours and (517) 327-7200 during off hours. 

DOSAGE AND ADMINISTRATION 

Dosage 

Primary immunization consists of three subcutaneous injections, 0.5 mL 
each, given 2 weeks apart followed by three additional subcutaneous injec- 
tions, 0.5 mL each, given at 6, 12 and 18 months(l). 
If immunity is to be maintained, subsequent booster injections of 0.5 mL of 
anthrax vaccine at one year intervals are recommended. 
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Administration 

1. Use a separate sterile needle and syringe for each patient to avoid 
transmission of viral hepatitis and other infectious agents. 
2. Shake the bottle thoroughly to ensure that the suspension is homoge- 
neous during withdrawal. The rubber stopper should be treated with an 
appropriate disinfectant and allowed to dry before inserting the needle. 
3. This preparation must be give subcutaneously after cleansing the over- 
lying skin with an antiseptic. 
4. Follow the usual precautions to avoid intravenous injection. 
5. After withdrawing the needle, the injection site may be massaged briefly 
and gently to promote dispersal of the vaccine. 
6. The same site should not be used for more than one injection of this 
vaccine. 
7. Do not syringe-mix with any other product. 
8. Parenteral drug products should be inspected visually for particulate 
matter and discoloration prior to administration, whenever solution and 
container permit. 

HOW SUPPLIED 

Anthrax Vaccine Adsorbed is supplied in 5 mL vials containing 10 doses 
each. 

STORAGE 

THIS PRODUCT SHOULD BE STORED AT AT 2 TO 8 degrees C (35.6 
to 46.4 degrees F). Do not freeze. Do not use after the expiration date given 
on the package. 

REFERENCES 

1. Brachman, P. S., et. al. Field Evaluation of a Human Anthrax Vaccine. Amer. J. Pub. 
Health, 52:632-645 (1962). 

2. Editorial: Vaccine Against Antrax. Brit. Med, J., 2:717-718(1965). 
3. Advisory Committee for Immunization Practices. Adult Immunization, Morbidity and 

Mortality Report, 33(15):33-34, 1984. 
4. Committee on Immunization, Guide for Adult Immunization, 1985, Amer. Col. Physi- 

cians, Philadelphia, PA (1985). 
5. Report of Committee on Infectious Diseases, 19th Edition, Amer. Acad. Pediatrics, 

Evanston, IL (1982). 

These recommendations are prepared by the BioPort Corporation only for 
the guidance of the physician. They do not replace the experience and 
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judgement of the physician, who should be familiar with the recent perti- 
nent medical literature before administering any biologic product. 

Manufactured by 
BIOPORT CORPORATION Lansing, Michigan 48909 

U.S. License No. 1260 

All rights reserved © 1999 BioPort Corporation 
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ANTHRAX VACCINE ADSORBED (BIOTHRAX™) 

DESCRIPTION 
Anthrax Vaccine Adsorbed, (BioThrax™) is a sterile, milky-white suspension (when mixed) made from 
cell-free filtrates of microaerophilic cultures of an avirulent, nonencapsulated strain of Bacillus 
anthracis. The production cultures are grown in a chemically defined protein-free medium consisting 
of a mixture of amino acids, vitamins, inorganic salts and sugars. The final product, prepared from the 
sterile filtrate culture fluid contains proteins, including the 83kDa protective antigen protein, released 
during the growth period. The final product contains no dead or live bacteria. The final product is 
formulated to contain 1.2 mg/mL aluminum, added as aluminum hydroxide in 0.85% sodium chloride. 
The product is formulated to contain 25 ug/mL benzethonium chloride and 100 ug/mL formaldehyde, 
added as preservatives. 

CLINICAL PHARMACOLOGY 
Epidemiology 
Anthrax occurs globally and is most common in agricultural regions with inadequate control programs 
for anthrax in livestock. Anthrax is a zoonotic disease caused by the Gram-positive, spore-forming 
bacterium Bacillus anthracis. The spore form of Bacillus anthracis is the predominant phase of the 
bacterium in the environment and it is largely through the uptake of spores that anthrax disease is 
contracted. Spore forms are markedly resistant to heat, cold, pH, desiccation, chemicals and 
irradiation. Following germination at the site of infection, the bacilli can also enter the blood and lead 
to septicemia. Antibiotics are effective against the germinated form of Bacillus anthracis, but are not 
effective against the spore form of the organism. 

The disease occurs most commonly in wild and domestic animals, primarily cattle, sheep, goats and 
other herbivores. In humans, anthrax disease can result from contact with animal hides, leather or 
hair products from contaminated animals, or from other exposures to Bacillus anthracis spores. It 
occurs in three forms depending upon the route of infection: cutaneous anthrax, gastrointestinal 
anthrax and inhalation anthrax. 

Cutaneous anthrax is the most commonly reported form in humans (> 95% of all anthrax cases). It 
can occur when the bacterium enters a cut or abrasion on the skin, such as when handling 
contaminated meat, wool, hides, leather or hair products from Infected animals or other contaminated 
materials. The symptoms of cutaneous anthrax begin with an itchy reddish-brown papule on exposed 
skin surfaces and may appear approximately 1-12 days after contact. The lesion soon develops a 
small vesicle. Secondary vesicles are sometimes seen. Later the vesicle ruptures and leaves a 
painless ulcer that typically develops a blackened eschar with surrounding swollen tissue. There are 
often associated systemic symptoms such as swollen glands, fever, myalgia, malaise, vomiting and 
headache. The case fatality rate for cutaneous anthrax is estimated to be 20% without antibiotic 
treatment. 

Gastrointestinal anthrax usually begins 1-7 days after Ingestion of meat contaminated with anthrax 
spores. There is acute inflammation of the intestinal tract with nausea, loss of appetite, vomiting and 
fever followed by abdominal pain, vomiting of blood and bloody diarrhea. There can also be 
involvement of the pharynx with sore throat, dysphagia, fever, lesions at the base of the tongue or 
tonsils and regional lymphadenopathy. The case fatality rate is unknown but estimated to be 25% to 
60%. 

Inhalation (pulmonary) anthrax has been reported to occur from 1-43 days after exposure to 
aerosolized spores.1 Studies in rhesus monkeys indicate that a small number of inhaled spores may 
remain viable for at least 100 days following exposure.   However, information on how long spores 
remain viable in the lungs of humans Is unavailable and the incubation period for inhalation anthrax is 
unknown. Initial symptoms are non-specific and may include sore throat, mild fever, myalgia, 
coughing and chest discomfort lasting up to a few days. The second stage develops abruptly with 
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findings such as sudden onset of fever, acute respiratory distress with pulmonary edema and pleural 
effusion followed by cyanosis, shock and coma. Meningitis is common. The fatality rate for inhalation 
anthrax in the U.S. is estimated to be approximately 45% to 90%. From 1900 to October 2001, there 
were 18 identified cases of inhalation anthrax in the U.S., the latest of which was reported in 1976, 
with an 89% (16/18) mortality rate. Most of these exposures occurred in industrial settings, i.e., textile 
mills.3 From October 4, 2001, to December 5,2001, a total of 11 cases of inhalation anthrax linked to 
intentional dissemination of Bacillus anthracis spores were identified in the U.S. Five of these cases 
were fatal.4 

Mechanism of Action 
Virulence components of Bacillus anthracis include an antiphagocytic polypeptide capsule and three 
proteins known as protective antigen (PA), lethal factor (LF) and edema factor (EF). Individually these 
proteins are not cytotoxic but the combination of PA with LF or EF results in the formation of the 
cytotoxic lethal toxin and edema toxin, respectively. Although an immune correlate of protection is 
unknown, antibodies raised against PA may contribute to protection by neutralizing the activities of 
these toxins.5 The contribution of Bacillus anthracis proteins other than PA, that may be present in 
BioThrax, to the protection against anthrax has not been determined. 

CLINICAL STUDIES 
A controlled field study using an earlier version of a protective antigen-based anthrax vaccine, 
developed in the 1950's, that consisted of an aluminum potassium sulfate-precipitated cell free filtrate 
from an aerobic culture, was conducted from 1955-1959. This study included 1,249 workers [379 
received anthrax vaccine, 414 received placebo, 116 received incomplete inoculations (with either 
vaccine or placebo) and 340 were in the observational group (no treatment)] in four mills in the 
northeastern United States that processed imported animal hides.6 During the trial, 26 cases of 
anthrax were reported across the four mills - five inhalation and 21 cutaneous. Prior to vaccination, 
the yearly average number of human anthrax cases was 1.2 cases per 100 employees in these mills. 
Of the five inhalation cases (four of which were fatal), two received placebo and three were in the 
observational group. Of the 21 cutaneous cases, 15 received placebo, three were in the observational 
group, and three received anthrax vaccine. Of those three cases in the vaccine group, one case 
occurred just prior to administration of the scheduled third dose, one case occurred 13 months after 
an individual received the third of the scheduled 6 doses (but no subsequent doses), and one case 
occurred prior to receiving the scheduled fourth dose of vaccine. In a comparison of anthrax cases 
between the placebo and vaccine groups, including only those who were completely vaccinated, the 
calculated vaccine efficacy level against all reported cases of anthrax combined was 92.5% (lower 
95% Cl = 65%). 

From 1962 to 1974, based on information reported to Centers for Disease Control and Prevention 
(CDC), 27 cases of anthrax occurred in mill workers or those living near mills in the United States. Of 
those, 24 cases occurred in unvaccinated individuals, one case occurred after the person had been 
given one dose of anthrax vaccine and two cases occurred after individuals had been given two doses 
of anthrax vaccine. No documented cases of anthrax were reported for individuals who had received 
the recommended six doses of anthrax vaccine. These individuals received either an earlier version 
of a protective antigen-based anthrax vaccine or BioThrax. 

In an open-label safety study conducted by the CDC, BioThrax was administered in 0.5 mL doses 
according to a 0,2,4 week initial dose schedule followed by additional doses at 6,12 and 18 months 
to complete the 6 dose vaccination series. Annual boosters were administered thereafter. In this 
study, 15,907 doses of BioThrax were administered to approximately 7,000 textile employees, 
laboratory workers and other at risk individuals and the incidence rates of local and systemic adverse 
reactions were recorded. (See ADVERSE REACTIONS; 

A randomized clinical study was conducted by the U.S. Army Medical Research Institute of Infectious 
Diseases (USAMRIID) from 1996-1999 in 173 volunteers to evaluate changes to the vaccination 
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schedule and route of vaccine administration. Of those, 28 were enrolled into the study arm to receive 
the licensed schedule (initial injections at 0,2 and 4 weeks followed by additional doses at 6,12 and 
18 months) and were subsequently monitored for the occurrence of local and systemic adverse 
events. (See ADVERSE REACTIONS; 

INDICATIONS AND USAGE 
BioThrax is indicated for the active immunization against Bacillus anthracis of individuals between 18 
and 65 years of age who come in contact with animal products such as hides, hair or bones that come 
from anthrax endemic areas, and that may be contaminated with Bacillus anthracis spores. BioThrax 
is also indicated for individuals at high risk of exposure to Bacillus anthracis spores such as 
veterinarians, laboratory workers and others whose occupation may involve handling potentially 
infected animals or other contaminated materials. 

Since the risk of anthrax infection In the general population is low, routine immunization is not 
recommended. 

The safety and efficacy of BioThrax in a post-exposure setting has not been established. 

CONTRAINDICATIONS 
The use of BioThrax is contraindicated in subjects with a history of anaphylactic or anaphylactic-like 
reaction following a previous dose of BioThrax, or any of the vaccine components. 

WARNINGS 
Preliminary results of a recent unpublished retrospective study of infants born to women in the U.S. 
military service worldwide in 1998 and 1999 suggest that the vaccine may be linked with an increase 
in the number of birth defects when given during pregnancy (unpublished data, Department of 
Defense). Although these data are unconfirmed, pregnant women should not be vaccinated against 
anthrax unless the potential benefits of vaccination have been determined to outweigh the potential 
risk to the fetus. 

Animal reproduction studies have not been conducted with BioThrax. 

PRECAUTIONS 
Before administration, the patient's medical immunization history should be reviewed for possible 
vaccine sensitivities and/or previous vaccination-related adverse events, in order to determine the 
existence of any contraindications to immunization. 

Pregnant women should not be vaccinated against anthrax unless the potential benefits of vaccination 
clearly outweigh the potential risks to the fetus. 

BioThrax should not be administered to individuals with a history of Guillain-Barre Syndrome (GBS) 
unless there is a clear benefit that outweighs the potential risk of a recurrence. 

History of anthrax disease may increase the potential for severe local adverse reactions. 

Patients with impaired immune responsiveness due to congenital or acquired immunodeficiency, or 
immunosuppressive therapy may not be adequately immunized following administration of BioThrax. 
Vaccination during chemotherapy, high dose corticosteroid therapy of greater than 2-week duration, or 
radiation therapy may result in a suboptimal response. Deferral of vaccination for 3 months after 
completion of such therapy may be considered. 

The administration of BioThrax to persons with concurrent moderate or severe illness should be 
postponed until recovery. Vaccination is not contraindicated in subjects with mild illnesses with or 
without low-grade fever. 
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This product should be administered with caution to patients with a possible history of latex sensitivity 
since the vial stopper contains dry natural rubber. 

Epinephrine solution, 1:1000, should always be available for immediate use in case an anaphylactic 
reaction should occur. 

Pregnancy 
PREGNANCY CATEGORY D. 
See Warnings. 

Nursing Mothers 
It is not known whether exposure of the mother to BioThrax poses a risk of harm to the breast-feeding 
child. However, administration of non-live vaccines (e.g., anthrax vaccine) during breast-feeding is not 
medically contraindicated. 

Pediatric Use 
Safety and effectiveness in pediatric patients have not been established. 

Geriatric Use 
No data regarding the safety of BioThrax are available for persons aged > 65 years. 

ADVERSE REACTIONS 

Pre Licensure 
Local Reactions- In an open-label safety study, 15,907 doses of BioThrax were administered to 
approximately 7,000 textile employees, laboratory workers and other at risk individuals (See Clinical 
Studies). Over the course of the 5-year study, there were 24 reports (0.15% of doses administered) of 
severe local reactions (defined as edema or induration measuring greater than 120 mm in diameter or 
accompanied by marked limitation of arm motion or marked axillary node tenderness). There were 
150 reports (0.94% of doses administered) of moderate local reactions (edema or induration greater 
than 30 mm but less than 120 mm in diameter) and 1373 reports (8.63% of doses administered) of 
mild local reactions (erythema only or induration measuring less than 30 mm in diameter). 

Systemic Reactions- In the same open label study, four cases of systemic reactions were reported 
during a five-year reporting period (<0.06% of doses administered). These reactions, which were 
reported to have been transient, included fever, chills, nausea and general body aches. 

age 4 of 7 
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Post Licensure 
Recently (1996-1999), an assessment of safety was conducted as part of a randomized clinical study 
conducted by the U.S. Army Medical Research Institute of Infectious Diseases (USAMRIID) (See 
Clinical Studies). A total of 28 volunteers were enrolled to receive subcutaneous doses of BioThrax 
according to the licensed schedule. Each volunteer was observed for approximately 30 minutes after 
administration of AVA and scheduled for follow-up evaluations at 1-3 days, 1 week and 1 month after 
vaccination. Four volunteers reported seven acute adverse events within 30 minutes after the 
subcutaneous administration of BioThrax. These included erythema (3), headache (2), fever (1) and 
elevated temperature (1). Of these events, a single patient reported the simultaneous occurrence of 
headache, fever and elevated temperature (100.7°F). 

Local Reactions- The most common local reactions reported after the first dose (n=28) in this study 
were tenderness (71%), erythema (43%), subcutaneous nodule (36%), induration (21%), warmth 
(11%) and local pruritus (7%).   The most frequently reported local reactions after the second dose 
(n=28) were tenderness (61%), subcutaneous nodule (39%), erythema (32%), induration (18%), local 
pruritus (14%), warmth (11%) and arm motion limitation (7%). After the third dose (n=26), the most 
frequently reported local reactions were tenderness (58%), warmth (19%), local pruritis (19%), 
erythema (12%), arm motion limitation (12%), induration (8%), edema (8%) and subcutaneous nodule 
(4%). Local reactions were found to occur more often in women. No abscess or necrosis was 
observed at the injection site. 

Systemic Reactions-All systemic adverse events reported in this study were transient in nature. 
The systemic reactions most frequently reported after the first dose (n=28) were headache (7%), 
respiratory difficulty (4%) and fever (4%). After the second dose (n=28), the most frequently reported 
systemic reactions were malaise (11%), myalgia (7%), fever (7%), headache (4%), anorexia (4%) and 
nausea or vomiting (4%). After the third dose (n=26), the most frequently reported systemic reactions 
were headache (4%), malaise (4%), myalgia (4%) and fever (4%). There was one report of delayed 
hypersensitivity reaction beginning with lesions 3 days after the first dose. The subject was reported 
to have diffuse hives by day 17,3 days after the second dose, and had swollen hands, face and feet 
by day 18 and discomfort swallowing. The subject did not receive any subsequent scheduled doses. 

Post Licensure Adverse Event Surveillance 
Data regarding potential adverse events following anthrax vaccination are available from the Vaccine 
Adverse Event Reporting System (VAERS).8 The report of an adverse event to VAERS is not proof 
that a vaccine caused the event. Because of the limitations of spontaneous reporting systems, 
determining causality for specific types of adverse events, with the exception of injection-site 
reactions, is often not possible using VAERS data alone. The following four paragraphs describe 
spontaneous reports of adverse events, without regard to causality. 

From 1990 to October 2001, over 2 million doses of BioThrax have been administered in the United 
States. Through October 2001, VAERS received approximately 1850 spontaneous reports of adverse 
events. The most frequently reported adverse events were erythema, headache, arthralgia, fatigue, 
fever, peripheral swelling, pruritus, nausea, injection site edema, pain/tenderness and dizziness. 

Approximately 6% of the reported events were listed as serious. Serious adverse events include 
those that result in death, hospitalization, permanent disability or are life-threatening. The serious 
adverse events most frequently reported were in the following body system categories: general 
disorders and administration site conditions, nervous system disorders, skin and subcutaneous tissue 
disorders, and musculoskeletal, connective tissue and bone disorders. Anaphylaxis and/or other 
generalized hypersensitivity reactions, as well as serious local reactions, were reported to occur 
occasionally following administration of BioThrax. None of these hypersensitivity reactions have been 
fatal. 

Other infrequently reported serious adverse events that have occurred in persons who have received 
BioThrax have included: cellulitis, cysts, pemphigus vulgaris, endocarditis, sepsis, angioedema and 
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other hypersensitivity reactions, asthma, aplastlc anemia, neutropenia, idiopathic thrombocytopenia 
purpura, lymphoma, leukemia, collagen vascular disease, systemic lupus erythematosus, multiple 
sclerosis, polyarteritis nodosa, inflammatory arthritis, transverse myelitis, Guillain-Barre Syndrome, 
immune deficiency, seizure, mental status changes, psychiatric disorders, tremors, cerebrovascular 
accident (CVA), facial palsy, hearing and visual disorders, aseptic meningitis, encephalitis, 
myocarditis, cardiomyopathy, atrial fibrillation, syncope, glomerulonephritis, renal failure, spontaneous 
abortion and liver abscess. Infrequent reports were also received of multisystem disorders defined as 
chronic symptoms involving at least two of the following three categories: fatigue, mood-cognition, 
musculoskeletal system. 

Reports of fatalities included sudden cardiac arrest (2), myocardial infarction with polyarteritis 
nodosa (1), aplastic anemia (1), suicide (1) and central nervous system (CNS) lymphoma (1). 

Post Licensure Survey Studies 
In addition to the VAERS data, adverse events following anthrax vaccination have been assessed in 
survey studies conducted by the Department of Defense in the context of their anthrax vaccination 
program. These survey studies are subject to several methodological limitations, e.g., sample size, 
the limited ability to detect adverse events, observational bias, loss to follow-up, exemption of vaccine 
recipients with previous adverse events and the absence of unvaccinated control groups. Overall, the 
most reported events were localized, minor and self-limited and included muscle or joint aches, 
headache and fatigue. Across these studies, systemic reactions were reported in 5-35% of vaccine 
recipients and Included reports of malaise, chills, rashes, headaches and low-grade fever. Women 
reported these symptoms more often than men. 

Reporting Adverse Events 
Adverse events following immunization with BioThrax should be reported to the Medical Affairs 
Division of BioPort Corporation (517) 327-1675 during regular working hours and (517) 327-7200 
during off hours. Adverse events may also be reported to the U. S. Department of Health and Human 
Services (DHHS) Vaccine Adverse Event Reporting System. Report forms and reporting requirement 
information can be obtained from VAERS through a toll free number 1-800-822-7967. 

DOSAGE AND ADMINISTRATION 
Dosage 
Immunization consists of three subcutaneous injections, 0.5 mL each, given 2 weeks apart followed by 
three additional subcutaneous injections, 0.5 mL each, given at 6,12, and 18 months. Subsequent 
booster injections of 0.5 mL of BioThrax at one-year intervals are recommended. 

Administration 
Use a separate 5/8-inch, 25- to 27-gauge sterile needle and syringe for each patient to avoid 
transmission of viral hepatitis and other infectious agents. Use a different site for each sequential 
injection of this vaccine and do not mix with any other product in the syringe. 

1. Shake the bottle thoroughly to ensure that the suspension is homogeneous during withdrawal 
and visually inspect the product for paniculate matter and discoloration. If the product 
appears discolored or has visible particulate matter, DISCARD THE VIAL. 

2. Wipe the rubber stopper with an alcohol swab and allow to dry before inserting the needle. 
3. Clean the area to be injected with an alcohol swab or other suitable antiseptic. 
4. Holding the needle at a 45° angle to the skin, inject the vaccine subcutaneously. 
5. DO NOT inject the product intravenously. Follow the usual precautions to ensure that you 

have not entered a vein before injecting the vaccine. 
6. After injecting, withdraw the needle and briefly and gently massage the injection site to 

promote dispersal of the vaccine. 
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HOW SUPPLIED/STORAGE 
Anthrax Vaccine Adsorbed (BioThrax   ) is supplied in 5 mL multidose vials. 

THIS PRODUCT IS TO BE STORED AT 2°C TO ffC (36 TO 46°F). Do not freeze. Do not use after 
the expiration date given on the package. 

Nonclinical Toxicology 
Carcinogenesis, Mutagenesls, Impairment of Fertility 
Animal studies have not been performed to ascertain whether BioThrax has carcinogenic action, or 
any effect on fertility. 
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Rx Only—Federal (U.S.A.) law prohibits dispensing without a prescription. 

Manufactured by 
BIOPORT CORPORATION 
Lansing, Michigan 48906 
U.S. License No. 1260 

50483-04 
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VAERS 

VACCINE ADVERSE EVENT REPORTING SYSTEM 
24 Hour Toll Free Information 1-800-822-7967 

P.O. Box 1100, Rockvllle, MD 20849-1100 
 PATIENT IDENTITY KEPT CONFIDENTIAL  

City 

Telephone no. ( ) _ 

Zip 

I.State 

m 
2. County where administered 3j Date of birth 

mm    aa     yy~ 

Vaccine administered by (Name): 

For CDC/FDA Use Only 

VAERS Number  

Date Received  

Form completed by (Name): 

Responsible 
Physician  
Facility Name/Address 

City 

Telephone no. (_ 

4. | Patient age 

Describe adverse events(s) (symptoms, signs, time course) and treatment, if any 

9. Patient recovered      QYES   fJNO D UNKNOWN 

12. Relevant diagnostic tests/laboratory data 

Relation     O Vaccine Provider  D Patient/Parent 
tO Patient    D Manufacturer       D Other 
Address (if different from patient or provider) 

City 

Telephone no. (_ 

5. Sex 
DM DF 

6. Date form completed /       / 
£j Check all appropriate: 
D Patient died       (date 
DUfe threatening illness   mm    °°      W 
D Required emergency room/doctor visit 
D Required hospitalization ( days) 
D Resulted in prolongation of hospitalization 
D Resulted in permanent disability 
D None of the above 

IP] Dale of vaccination 

\\Z\Enter all vaccines given on date listed in no. 10 

Vaccine (type) Manufacturer 

mm    dd 

Time  

TlJ Adverse event onset 

/   / 
mm3dyy 

" AM 
Time PM 

14. Any other vaccinations within 4 weeks prior to the date listed in no. 10 

Vaccine (type) Manufacturer Lot number 
No. Previous 

doses 

15. Vaccinated at: 
D Private doctor's office/hospital 
D Public heafth clinic/hospital 

D Military dinic/hosptta! 
D Other/unknown 

8. Illness at time of vaccination (specify) 

16. Vaccine purchased with: 
□ Private funds     Q Military funds 
O Public funds      D Other/unknown 

17. Other medications 

19. Pre-existing physician-diagnosed allergies, birth defects, medial conditions(specify) 

20. Have you reported D No 
this adverse event 
previously? □ To doctor 

D To health department 

QTo manufacturer 

21. Adverse event (oflowing prior vaccination (check all applicable, specify) 
Adverse Onset Type Dose no. 
Event Age Vaccine in series 

D'n patient                           
D In brother                              

or sister 

Only for children 5 and under 
23. No. of brother and sisters 

Only tor reports submitted by manufacturer/Immunization project 
24. Mfrfimm. proj. report no. 

26. IS day report? 

DVes    DNo 

25. Date received by mfr.Amm.proj. 

27. Report type 

Q Initial       D Follow-Up 

Health care providers and manufacturers are required by taw (42 USC 300aa-25) to report reactions to vaccines listed in the Table of Reportable Events Following. Immunization 
Reports for reactions to other vaccines are voluntary except when required as aeondftion of fcnmunkafion gram awards. 

FormVAERS-K™) 
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"Fold in thirds, tape & mail - DO NOT STAPLE FORM" 

BUSINESS REPLY MAIL 
FIRST-CLASS MAIL   PERMIT NO. 1895    ROCKVILLE, MD 

POSTAGE WILL BE PAID BY ADDRESSEE 

it VAERS 
P.O. Box 1100 
RockvilleMD 20849-1100 

NO POSTAGE 
NECESSARY 

IF MAILED 
1NTHE 

UNITED STATES 
OR APO/FPO 

LI,I ,.MII|„...III..I!III...|I.MI.I.I 

DIRECTIONS FOR COMPLETING FORM 

(Additional pages may be attached if more space is needed) 

Use a separate form for each patient. Complete the form to the best of your abilities. Items 3,4,7,8,10,11, and 13 are considered 
essential and should be completed whenever possible. Parents/Guardians may need to consult the facility where the vaccine was 
administered tor some of the information (such as manufacturer, lot number or laboratory data.) 
Refer to the Reportable Events Table (RET) for events mandated for reporting by iaw. Reporting for other serious events felt to be 
related but not on the RET is encouraged. 
Health care providers other than the vaccine administrator (VA) treating a patient for a suspected adverse event should notify the 
VA and provide the information about the adverse event to allow the VA to complete the form to meet the VA's legal responsibility. 
These data will be used to increase understanding of adverse events following vaccination and will become part of CDC Privacy 
Act System 09-20-0136, "Epidemiologie Studies and Surveillance of Disease Problems". Information identifying the person who 
received the vaccine orthat person's legal representativewill not be made available tothe public, but may be available to the vaccinee 
or legal representative. 
Postage will be paid by addressee. Forms may be photocopied (must be front & back on same sheet). 

SPECIFIC INSTRUCTIONS 
Form Completed By: To be used by parents/guardians, vaccine manufacturers/distributors, vaccine administrators, and/or the person 

completing the form on behalf of the patient or the health professional who administered the vaccine. 
Item 7:      Describe the suspected adverse event. Such things as temperature, local and general signs and symptoms, time course, 

duration of symptoms diagnosis, treatment and recovery should be noted. 
Item 9:      Check "YES" if the patient's health condition is the same as it was prior to the vaccine, "NO" if the patient has not returned 

to the pre-vaccination state of health, or "UNKNOWN" if the patient's condition is not known. 
Item 10:    Give dates and times as specifically as you can remember. If you do not know the exact time, please 
Item 11:    indicate "AM" or "PM" when possible if this information is known. If more than one adverse event, give the onset date and 

time for the most serious event. 
Hem 12:    Include "negative" or "normal" results of any relevant tests performed as well as abnormal findings. 
Hem 13:    List ONLY those vaccines given on the day listed in Item 10. 
Hem 14:    List any other vaccines that the patient received within 4 weeks prior to the date listed in Item 10. 
Hem 16:    This section refers to how the person who gave the vaccine purchased it, not to the patient's insurance. 
Item 17:    List any prescription or non-prescription medications the patient was taking when the vaccine(s) was given. 
Item 18:    List any short term illnesses the patient had on the date the vaccine(s) was given {i.e., cold, flu, ear infection). 
Item 19:    List any pre-existing physician-diagnosed allergies, birth defects, medical conditions (including developmental and/or 

neurologic disorders) for the patient. 
Hem 21:    List any suspected adverse events the patient, or the patient's brothers or sisters, may have had to previous vaccinations. 

If more than one brother or sister, or if the patient has reacted to more than one priorvaccine, use additional pages to 
explain completely. For the onset age of a patient, provide the age in months if less than two years old. 

Hem 26:    This space is for manufacturers' use only. 
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An Assessment of the Safety of the 
Anthrax Vaccine 

A Letter Report 

March 30,2000 

Major General Randall L. West, USMC 
Special Advisor for Biological Defense Affairs 
Under Secretary of Defense for Personnel and Readiness 
Department of Defense 
4000 Defense Pentagon 
Washington, DC 20301-4000 

Dear General West: 

In February of this year, the Department of Defense (DoD) requested that the Insti- 
tute of Medicine (IOM) provide a report on the safety and efficacy of the anthrax vaccine 
that could be used to answer questions raised by Congress. The IOM has agreed to un- 
dertake this comprehensive study, which will require approximately 24 months to com- 
plete. The questions include the types and severity of adverse reactions, including gender 
differences; long-term health implications; efficacy of the vaccine against inhalational 
anthrax; correlation of animal models to safety and effectiveness in humans; validation of 
the manufacturing process; definition of vaccine components in terms of the protective 
antigen and other bacterial products and constituents; and identification of gaps in exist- 
ing research. 

Because of immediate concern over anthrax vaccine safety issues, the IOM offered 
to draw relevant information from an ongoing study of Gulf War exposures funded by the 
Department of Veterans Affairs. The opportunity to provide limited information relating 
to the safety of anthrax vaccine is possible due to the ongoing work of the IOM Commit- 
tee on Health Effects Associated with Exposures During the Gulf War, which was tasked 
with conducting literature reviews on six Gulf War exposures (including the anthrax vac- 
cine). This committee began its work in January 1999, and it is scheduled to provide its 
report in August of this year. With the agreement of the Department of Veterans Affairs, 
the IOM was able to produce this letter report that summarizes the committee's literature 
review on the safety of the anthrax vaccine. This information, while very narrowly fo- 
cused, may be helpful now to Congress, the DoD, and others before the IOM begins its 
comprehensive assessment of the anthrax vaccine. Although DoD requested the IOM's 
consideration of safety and efficacy, the current IOM committee was not tasked with is- 
sues of vaccine efficacy. The report that follows therefore addresses only the limited 
peer-reviewed literature on the safety of the anthrax vaccine. 
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The committee evaluated the primary peer-reviewed literature and did not draw 
conclusions from the secondary literature (e.g., reviews). Publications that were not peer 
reviewed had no evidentiary value for the committee, and they were not used as a basis 
for conclusions about the degree of association between an exposure and a health effect. 
The ability of the IOM to conduct the more comprehensive study of the anthrax vaccine 
requested by the DoD assumes that the significant body of work that has been conducted 
by the DoD on this subject will be released for publication in peer-reviewed scientific 
journals. 

INTRODUCTION 

Currently there are two types of anthrax vaccine available for human use: a live at- 
tenuated spore vaccine that has been tested and used widely in the countries of the for- 
mer Soviet Union (Shlyakhov and Rubinstein, 1994) and protective-antigen vaccines 
that were developed in the United States and the United Kingdom in the 1950s using fil- 
trates of attenuated strains of the anthrax bacillus. Protective antigen, one of the three 
toxin proteins produced by the anthrax bacillus, is the protective component of the Brit- 
ish and U.S. vaccines, which differ in their method of production and in the strains of 
the bacillus used (Ibrahim et al., 1999). The committee decided to base its conclusions 
solely on studies of the protective-antigen vaccines because the live attenuated spore 
vaccine differs substantially in terms of composition, reactogenicity, and potential resid- 
ual virulence. 

The U.S. anthrax vaccine, which was used in the Gulf War and is currently still in 
use, was granted product licensure on November 10, 1970. In 1985, a Food and Drug 
Administration (FDA) advisory panel reviewing the status of bacterial vaccines and tox- 
oids categorized the anthrax vaccine in Category 1 (safe, effective, and not misbranded) 
(FDA, 1985). The current dosing schedule is 0.5 ml administered subcutaneously at 0, 2, 
and 4 weeks and 6, 12, and 18 months, followed by yearly boosters. It is estimated that 
68,000 doses of the U.S. anthrax vaccine were distributed from 1974 to 1989; 268,000 
doses in 1990; and 1.2 million doses from 1991 to July 1999 (Ellenberg, 1999). The exact 
number of people who received the vaccine is not known. The following sections provide 
a synthesis of the available peer-reviewed studies. 

ANIMAL STUDIES 

Few studies have explicitly looked for adverse health effects of the protective- 
antigen anthrax vaccine in animals. In a study by Wright and colleagues (1954), 25 rab- 
bits were administered five 0.5-ml intracutaneous injections of anthrax vaccine on alter- 
nate days. The rabbits were sacrificed 23 days later. Complete autopsies including gross 
and microscopic examination of all organs revealed no adverse effects. In studies con- 
ducted in nonhuman primates, no remarkable local or systemic reactions were seen 
(Darlow et al., 1956; Ivins et al., 1998). Few meaningful conclusions regarding adverse 
effects in humans can be drawn from the animal studies of the vaccine; the primary goal 
of the majority of those studies has been to determine the vaccine's efficacy. 
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HUMAN STUDIES 

There are only a few published peer-reviewed studies examining the safety of the 
anthrax vaccine in humans. The studies discussed below, with the exception of the Ft. 
Derrick studies, administered only the anthrax vaccine and were not intended to examine 
the effects of multiple vaccinations. The committee notes a recent literature review 
(Demicheli et al., 1998) on anthrax vaccine studies conducted according to the Cochrane 
Collaboration guidelines for systematic reviews of health care interventions. Only the 
Brachman study (described below) met the Cochrane criteria for prospective randomized 
or quasi-randomized studies of a protective antigen anthrax vaccine. 

Short-Term Studies 

During the development of the anthrax vaccine, several studies examined adverse 
reactions in humans. These studies used early versions of the culture filtrate (protective- 
antigen) vaccine. Wright and colleagues (1954) described the reactions of 660 persons 
who received a total of 1,936 injections. They found that 0.7% of the vaccinated subjects 
reported systemic reactions—typically consisting of mild muscle aches, headaches, and 
mild-to-moderate malaise lasting 1 to 2 days. Significant local reactions—typically swel- 
ling (5-10 cm in diameter) and local pruritus (itching)—were reported for 2.4% of the 
injections. The incidence of local reactions increased with the number of previous injec- 
tions. Two additional early studies also showed low rates of mild, brief local reactions 
(Darlow et al., 1956; Puziss and Wright, 1963). There is no long-term follow-up reported 
on the subjects in these studies. 

Brachman Study 

Brachman and colleagues (1962) conducted the only randomized clinical trial of 
vaccination with a protective-antigen anthrax vaccine. Although the vaccine used in this 
study was similar to the vaccine currently available in the United States in that it was a 
protective-antigen vaccine, the manufacturing process has since changed and a different 
strain of anthrax bacillus is now used (GAO, 1999a). 

The clinical trial was conducted among 1,249 eligible workers' at four goat hair 
processing mills in which some raw materials were contaminated by the anthrax bacillus. 
After the initial series of three injections, the study had to be terminated at the largest 
mill, which employed nearly half of the subjects, because of an outbreak of inhalation 
anthrax that required the immunization of all employees. At the remaining mills, 480 
participants completed the series of injections (230 of whom were randomized to active 
vaccination and 250 of whom were randomized to receive placebo injections) and 81 
participants did not complete the series of injections.2 The study subjects did not know 

'Employees who had a previous case of anthrax were not eligible for the study. Of the 
1,249 eligible participants, 340 refused to participate in the study. 
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whether they had received the active vaccine or placebo; the article does not state 
whether the investigators were also blinded. 

The report of the study does not always clearly distinguish the results in the three 
mills for the 480 subjects who completed the vaccination series from the 81 subjects who 
did not complete the series. Neither does it clearly distinguish the results for the 480 
subjects in the three mills who completed the series from results for the subjects from the 
largest mill who had been randomized, received the initial injections, and were partially 
evaluated prior to the mill's withdrawal from the study. 

The participants were examined 24 and 48 hours following each vaccination to as- 
sess both local and systemic reactions to the vaccine. There was no report of subsequent 
active or passive surveillance for possible adverse effects beyond 48 hours after each 
vaccination (there was further monitoring for the vaccine's efficacy, however). The typi- 
cal reaction is described as a ring of erythema (1-2 cm in diameter) at the injection site, 
with local tenderness that lasted 24-48 hours. Some subjects (a number was not given) 
reported more extensive edema, erythema (>5 cm in diameter), pruritus, induration, or 
small painless nodules at the injection site (lasting up to several weeks). Twenty-one per- 
sons had moderate local edema that lasted up to 48 hours. Three individuals had edema 
extending from the deltoid to the mid-forearm (in one case, to the wrist) that dissipated 
within 5 days. The only systemic reactions were reported in two individuals (0.9% of the 
actively vaccinated subjects), who experienced "malaise" lasting 24 hours following vac- 
cination. The study notes that three individuals who received the placebo (0.1% alum) 
had mild reactions. 

Long-Term Studies 

The committee located only one published series of studies that discussed long-term 
follow-up of individuals who received multiple vaccinations, including the anthrax vac- 
cine, due to the nature of their employment. A group of employees at Fort Detrick, 
Maryland, were followed for an average of 25 years to investigate the potential subclini- 
cal effects of intensive vaccination.3 The participants underwent physical examinations 
and/or laboratory testing in 1956 {n = 93), 1962 (« = 76), and 1971 (» = 77) (Peeler et al., 
1958, 1965; White et al., 1974). 

No clinical sequelae attributable to intense long-term immunization could be identi- 
fied in this cohort. None of the subjects suffered unexplained clinical symptoms requiring 
them to take sick leave that could be attributed to the vaccination program. There was 
some evidence of a chronic inflammatory response, as characterized by certain laboratory 
test abnormalities: elevated levels of hexosamine, an acute-phase reactant, and polyclonal 

2The authors state that there was a gradual decline in participation in the study, partly be- 
cause of changes in the nature of the textile business and partly because some of the employees 
withdrew from the program. 

3Prior to 1956, all 99 persons had been vaccinated against botulism, tularemia, Rocky 
Mountain spotted fever, Q fever, plague, typhus, psittacosis, and Eastern, Western, and Vene- 
zuelan equine encephalitis; in addition, 95 of the subjects were also immunized against smallpox, 
37 against brucellosis, 28 against anthrax, and 25 against diphtheria. By 1962, 72 of the 76 study 
subjects had been vaccinated against anthrax (in addition to other vaccinations) (Peeler et al., 
1958, 1965). 
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elevations in levels of gamma globulins. These changes cannot necessarily be attributed 
to the vaccinations, as the workers studied were occupationally exposed to a number of 
virulent microbes. However, the studies did not report any clear adverse clinical conse- 
quences, such as neoplasms, amyloidosis, or autoimmune diseases. 

This series of longitudinal clinical studies had several shortcomings. There was no 
comparison cohort and no random sampling of the employees. Therefore, the results may 
not be applicable to a broader population. Further, the outcomes may be due in part to the 
healthy worker effect, since the subjects were selected for the intensity and length of their 
immunization history, and individuals who left employment were not considered. Thus, 
the studies may have inadvertently focused on the most resilient individuals. Moreover, it 
would be difficult, if not impossible, to attribute adverse effects to any one vaccine, since 
the study subjects received multiple vaccines. 

Non-Peer-Reviewed, Unpublished Information 

The committee reviewed summaries of data from the Vaccine Adverse Event 
Reporting System (VAERS).4 We did not, however, review the individual VAERS forms 
submitted by health care providers, people receiving the vaccination, family members, or 
others. VAERS data are useful as a sentinel for adverse events but are limited in their 
usefulness for assessing the rate or causality of adverse events since the information may be 
underreported, incomplete, or duplicative and may not always have been confirmed by 
medical personnel (IOM, 1994). From its inception in 1990 through July 1, 1999, there 
have been 215 VAERS reports regarding anthrax vaccination (Ellenberg, 1999). The 
majority of the reports describe local or systemic symptoms including injection site 
edema, injection site hypersensitivity, rash, headache, and fever. Twenty-two of the 
VAERS reports are considered serious events and were described as occurring (or being 
diagnosed) from 45 minutes to 4H months after the vaccination. The reports of serious 
events include severe injection site reactions, a widespread allergic reaction, a case of 
aseptic meningitis, an onset of lupus, an onset of inflammatory demyelinating disease, a 
diagnosis of bipolar disease, and two cases of Guillain-Barre syndrome (Ellenberg, 1999). 
FDA and CDC are responsible for monitoring the VAERS data to detect unusual trends and 
occurrences of adverse health effects. That monitoring assists the FDA and CDC in 
responding appropriately to adverse events. In recent congressional testimony, FDA stated 
that "the reports on the anthrax vaccine received thus far do not raise any specific concerns 
about the safety of the vaccine" (Ellenberg, 1999). 

Additionally, there are a number of unpublished studies with data on the safety of 
the anthrax vaccine (Table 1). However, these studies are either ongoing or have not been 
published in the peer-reviewed literature, and they were therefore not considered in the 
committee's conclusions regarding the strength of the evidence for associations with 
adverse health outcomes. In its full report, the committee uses these studies in determining 
its recommendations for future research directions. The studies are currently described 

*VAERS is a passive surveillance system that is overseen jointly by the Centers for Disease 
Control and Prevention (CDC) and the FDA. Reports may be sent in to VAERS at any time fol- 
lowing vaccination. 
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only in secondary sources (e.g., reviews, congressional testimony, and reports from the 
General Accounting Office). The publication of these studies would substantially 
increase the available body of information on which conclusions regarding health effects 
can be made. 

TABLE 1. Unpublished and Ongoing Studies of the Anthrax Vaccine 

Study Brief Description 

Licensure Safety Study Data submitted in support of the application for licensure 
describes approximately 7,000 persons who received 
approximately 16,000 doses 

Special Immunization Program       Follow-up study on 1,590 workers at the U.S. Army Medical 
Safety Study Research Institute of Infectious Diseases (USAMRIID) 

who received 10,451 doses since 1973 
Ft. Bragg Booster Study An assessment of the safety of booster shots given to 486 

male military personnel who had received initial anthrax 
vaccinations during the Gulf War 

Canadian Forces Safety Survey      Active monitoring of 576 persons in the Canadian military 
who received the anthrax vaccine in 1998 

USAMRIID Reduced Dose and      Pilot study involving 173 persons who received a reduced 
Route Change Study dose schedule or vaccination via a different route (in- 

tramuscular) 
Tripler Army Medical Center Survey of 603 health care personnel who were vaccinated at 

Survey Tripler Army Medical Center in 1998-1999 
U.S. Air Force Vision Study A comparison of visual acuity in 354 vaccinated aircrew 

members with 363 unvaccinated aircrew personnel 
Korea Survey Survey of military personnel at the time they received sub- 

sequent doses of the vaccine 

SOURCES: Claypool, 1999; GAO, 1999b. 

Conclusions on Human Studies 

There is a paucity of published peer-reviewed literature on the safety of the anthrax 
vaccine. The committee located only one randomized peer-reviewed study of the type of 
anthrax vaccine used in the United States (Brachman et al., 1962). However, the formula- 
tion of the vaccine used in that study differs from the vaccine currently in use. The series of 
Ft. Detrick studies shows no clinical sequelae from multiple vaccinations, including the 
anthrax vaccination, over 25 years of intermittent observation in a highly selected cohort. 
However, there was no active surveillance for chronic symptoms in these studies, which 
raises the possibility of underreporting of symptoms. 

The published studies have found transient local and systemic effects (primarily ery- 
thema, edema, or induration) of the anthrax vaccine. There have been no studies of the an- 
thrax vaccine in which the long-term health outcomes have been systematically evaluated 
with active surveillance. That is not unusual, however, as few vaccines for any disease 
have been actively monitored for adverse effects over long periods of time. The commit- 
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tee strongly encourages the development of active monitoring studies that evaluate long- 
term safety in recipients of the anthrax vaccine. 

The committee concludes that in the peer-reviewed literature there is inadequate/ 
insufficient evidence to determine whether an association does or does not exist between 
anthrax vaccination and long-term adverse health outcomes. This finding means that the 
evidence reviewed by the committee is of insufficient quality, consistency, or statistical 
power to permit a conclusion regarding the presence or absence of an association 
between the vaccine and a health outcome in humans. Reviewing the large body of 
results that have not yet been published would enable more definitive conclusions about 
the vaccine's safety. The committee strongly urges the investigators conducting studies 
on the safety of the anthrax vaccine to submit their results to peer-reviewed scientific 
journals for publication. The proposed IOM study to evaluate the safety and efficacy of 
the anthrax vaccine will be able to examine a more extensive literature, as the DoD has 
agreed to make its studies of the vaccine available. 

To date, published studies have reported no significant adverse effects of the vac- 
cine, but the literature is limited to a few short-term studies. The committee's findings are 
best regarded as an early step in the complex process of understanding the vaccine's 
safety, which began with the vaccine's licensure in 1970 and the 1985 FDA advisory panel 
finding that categorized the anthrax vaccine as safe and effective. Active long-term moni- 
toring of large populations will provide further information for documenting the relative 
safety of the anthrax vaccine. 

Sincerely, 

Institute of Medicine Committee on Health Effects 
Associated with Exposures During the Gulf War 
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granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the 
federal government on scientific and technical matters. Dr. Bruce M. Alberts is president of the 
National Academy of Sciences. 

The National Academy of Engineering was established in 1964, under the charter of the Na- 
tional Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous 
in its administration and in the selection of its members, sharing with the National Academy of 
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tion and research, and recognizes the superior achievements of engineers. Dr. William A. Wulf is 
president of the National Academy of Engineering. 
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cure the services of eminent members of appropriate professions in the examination of policy 
matters pertaining to the health of the public. The Institute acts under the responsibility given to 
the National Academy of Sciences by its congressional charter to be an adviser to the federal 
government and, upon its own initiative, to identify issues of medical care, research, and educa- 
tion. Dr. Kenneth I. Shine is president of the Institute of Medicine. 
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associate the broad community of science and technology with the Academy's purposes of fur- 
thering knowledge and advising the federal government. Functioning in accordance with general 
policies determined by the Academy, the Council has become the principal operating agency of 
both the National Academy of Sciences and the National Academy of Engineering in providing 
services to the government, the public, and the scientific and engineering communities. The 
Council is administered jointly by both Academies and the Institute of Medicine. Dr. Bruce M. 
Alberts and Dr. William A. Wulf are chairman and vice chairman, respectively, of the National 
Research Council. 
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perspectives and technical expertise, in accordance with procedures approved by the Na- 
tional Research Council's Report Review Committee. The purpose of this independent 
review is to provide candid and critical comments that will assist the Institute of Medicine 
in making the published report as sound as possible and to ensure that the report meets 
institutional standards for objectivity, evidence, and responsiveness to the study charge. 
The review comments and draft manuscript remain confidential to protect the integrity of 
the deliberative process. The committee wishes to thank the following individuals for their 
participation in the review of this report: 

Donald A. Henderson, Johns Hopkins University 
Richard Johnston, University of Colorado 
Joyce Lashof, University of California, Berkeley 
Robert Miller, (retired) National Cancer Institute 
Gregory Poland, Mayo Clinic and Foundation 
Hugh Tilson, University of North Carolina at Chapel Hill 
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